-CH='CH-CH2-NH- or -CH=CH-CH2-C-CH2-^CH-CH2-NH- i 

OH 

and B is uracil or cytosine. 



The general synthetic approach adopted for introTducing the 
linker arm and probe moiety onto the base is d/scussed here- 
inabove. (See especially, J.L, Ruth and D, E* yBergs trom, J, 
Org. Chenii, £3, 2870, 1978; D.E. Bergstrom a^id M. K. Ogawa, 
J* Amer. Chem. Soc, 100 , 8106, 1978; and c/f. Bigge, P. 
Kalaritis^ J.R, Deck and P. Mertes, J J hmet . Chem. Soc. 
102 , 2033^ 1980,) However, the olefin s^bstituents employed 
herein have not been used previously, /To facilitate attach- 
ment of probe moiety A, it has been f/und particularly 
desirable to employ olefins with pri/iary amine functional 
groups, such as allylamine (AA) or /aiiyl-{3-amino-2- 
Hydroxy-l-propyl ) ether (^^AGEl, wl; 
ment by standard amine modificatJ 



Lch permit probe attach- 
reactions, such as, 



n ^ 

-CH2NH2 R-<^"OR 
Imidate/ 



i ^ 

-CHoNHCR 



0 

If 

R-C 



.-CH2NH2 ^7 



0 

n 

0. — -CH2NHCR 



0 

^nhydr ide 



-CH2NH^ + L/ 



? 



NHS-sst9r ( N-hydcoxysuccinimide) 



! 

fni^l + R-W=C=S-> -CH2MHC^fHR 
Isothiocyanate 



-CH2NH2 + 



.0 (j)H 
/ -CH2NHCH2CHR 



Epoxide / 

Because of ease of preparation it has been found /referable 
to use NHS-esters for probe addition. However , Olefin linker 
atms with other modifiable functional groups, auch as thiols, 
carboxylic acids, epoxides, and the like, can Also be em- 
ployed • Furthermore, both linker arm and. proh4 can' be added 
in a single-step if deemed desirable. / 

Specifically, modified nucleotides having/ the structure: 

B • * •A / 

wherein B represents a purine, 7-d(Sa2apur ine , or pyrimidine 
moiety covalently bonded to the cX* -position of the sugar 
moiety, provided that when B is purine or 7-dea2apur ine , it 
is attached at the N^-position of the purine or deazapurine, 
dhd when B is pyrimidine, it is attached at the N^-position; 

wherein A represents a moiety consisting of at least three 
carbon atoms which is capabie of forming a detectable com- 
plex with a polypeptide wh^n the compound is incorporated 
Into a double-stranded cifconucleic acid, deoxyribonucleic 
icid duplex, DNA-RMA hybtid; 

Wherein the dotted liiye represents a chemical linkage join- 
ing B and A, provided'^ that if B is purine, the linkage is 
Attached to the 8-po4ition of the purine, if T-deazapur ine , 
the linkage is attached to the 7-position of the deaza- 
purlne, and if S i4 pyrimidine, the linkage is attached to 
the 5-position oy the pyrimidine; and 



wherein each of x, y, and 2 represents 

0 



f. _ ..XI 



H0-, HO-P-0-, or HO-P-O-P- 



I 

OH 



I 

OH 



I I 
OH Of 



can be prepared by: 



(a) reacting a compound having the st/ucture 



x-CH 



H y 2 " 




with a mercuric salt in a suitahfle. solvent under 
suitable conditions .so as to fprm a mercurated com- 
pound having the structure: 



(b) reacting said meraurated compound with a chem- 
ical moiety reactive With the -Hg**" portion o£ said 
mercurated compound a/nd represented by the formula 
•••Mr said reaction yfeeing carried out in an aqueous 
solvent and in the /presence of Ki^^Cl^ under suitable 
conditions so as iro form a compound having the struc- 
ture: / B««*N 



x-CH 




wherein N i/ a reactive terminal functional group or 
is A; and 



(c) recovering said compound as said modified nucleo- 
tide wheri N is A, or when M is a reactive terminal 
group, /reacting said compound with a compound having 
the SOTUcture M-A, wherein M represents a functional 
group/ reactive with U in an aqueous solvent under 



suitable conditions, so as to form s^.-- . modified 
nucleotide, which is then recovered. 



The following schema is illustrative: 




,HgX 



K2PdCl4 



Allylamine 
R.T. 

^ Acetate'^buf fer , pH 47? 



Relative 
concentcatflon 



1 
>10 




H ? 

VCH2-??-C-(CH2)4 
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Although the reactions can be carried out ^ nydrogen ion / 
concentrations as low as ptt 1, or as high as pH 14, it is/ 
preferred to operate In the range from about 4 to Q • / 
This is especially true when dealing with unstable con^unds 
dtJch as nucleoside polyphosphates, poiynucleotideSr aiW nucleo- 
tide coenzymes which are hydrolyzed at pH*s outsid/^ this 
range. Similarly, it is preferred to operate at/a temper- 
ature in the range from about 20° C to 30° C to^avoid pos- 
sible decomposition of labile organic substra^tes. However, 
the reactions can be carried out at temperaJoires from about 
5*^ C to 100^ As is usual with chemical/ reactions, higher 

temperatures promote the reaction rate and lower tempera- 
tures retard it. Thus, in the tempera^t^re range from C 
to 100^ Cf the optimum reaction timeymay vary Erom about 10 
rtiinutes to 98 hours. In the prefer/ed temperature range, 
ireaction times normally vary fromyabout 3 to 24 hours. 

The preferred procedure for maintaining the pH in the de- 
sired range is through the us4 of buffers, A variety of 
buffers can be employed. Ttt^se include, for example, sodium 
or potassium acetate, sodLam or potassium citrate, potassium 
citrate-phosphate, tris-afcetate and borate-sodium hydroxide 
buffers. The "concentration of buffer, when employed, can 
Vary over a wide range/V up to about 2.0 molar. 

While a particular Mvantage of the mercuration and. palladium 
catalyzed addition/reactions is that they can be carried out 
in water, small amounts of an organic solvent can be usefully 
included as a solubility aid. The organic solvents usually 
chosen are thop which are miscible with water. These may 
be selected f/om ethers, alcohols, esters, ketones, amides, 

and the likey4uch as methanol, ethanol, propanol, glycerin, 
dioxane, ac/tone, pyridine and dimethylformamide* However, 
since it his been observed that the presence of alcohols, 
such as methanol, often results in alkoxy-addition across 
the olefin double bond, any organic solvent used as a sol- 
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ability aid should chosen carefully. la eduction of/ 

,a — / 

alkoxy substituents to the a- 6- exocyclic carbon abdms 
often results in the production of compounds which are/iti- 
lized much less efficiently as enzyme substrates. / 

Although various mercuric salts may be utilized^/the pres- 
ently preferred salt is mercuric acetate, hlsa, as indi- 
cated previously, the compounds may be prepared by first 
ddding a linker arm and then the moiety A, by adding a 
linker arm to which A is already attached/ Thus, the chem- 
ical moiety represented by the formula N may be any one 
of the numerous entities whidh ultimat;^y result in pro- 
duction of the desired compounds. / 

Examples include ^CH=CH-CH2-NH2// 

-CH=GH-CH2-0-CH2-CH-CH2-NH2^ /cH=CH-CH2-NH-biotin , and 

OH / 
-CH-CH2-CH2-0-CH2-<j:H-CH2-W^iminobiotin. 

OH / 

The amounts of the reactanrts employed In these reactions 
■itlay vary widely. Howeve/, in general the amounts of unmercur 
dted compound, mercurabed compound, and paliadium-containing 
compound will be subsyantially stoichiometric whereas the 
mercuric salt and coi/pound ***N will be present in molar 
Excess, e.g. 5 - 2o/moles of •••N brof mercuric salt per 
ihole of me r cur a ted/compound or unmercurated compound, respect 
Ively. In practice, an\ounts will vary depending upon varia- 
tions in reactiOyfi conditions and the precise identity of 
the reactants. 



'kaving the biotin probe directly attached to nucleotide 

ii / 

ijder ivatives/that are capable of functioning as enzyme sub- 
strates offfers considerable versatility, both in the exper- 
:jimental p/otocols that can be performed and in the detection 
•methods /microscopic and non-microscopic) that can be 
^utilized for analysis. For example, biotin nucleotides 
lean be/introduced into polynucleotides which are in the 
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ptocess of bfefing s^rtthesized by cells or cw^.a cell ex- 
tracts , thus making It possible to detect and/or isolal 
nascent (growing) polynucleotide chains. Such a pcoc/dure 
is impossible to do by any direct chemical modif icayion 
method. Furthermore, enzymes can be used as reagents for 
Introducing probes such as biotin into highly selective or 
site-specific locations in polynucleotides; the/chemical 
synthesis of similar probe-modified products yould be ex- 
tremely difficult to achieve at best. 



The synthesis of nucleotides containing b/otin or imino- 
biotin was achieved as detailed in the examples set forth 
hereinafter, Pyrimidine nucleoside triphosphates con- 
taining either of these probes attach/d to the C-5 carbon 
atom were good to excellent substrates for a wide variety of 
purified nucleic acid polymerases at both prokaryotic and 
^eukaryotic origin. These include/oNA polymerase I of E. 
coHr bacteriophage T4 DMA polymerases DMA polymerases a and 8 
:from murine (A-9) and human (Hel.a) cells, and the DMA poly- 
merase of Herpes simplex virus'; Confirming data were obtain- 
ed with E. coli DMA polymera/e I using either the nick- 
Jtranslation condition of Ri/by, et al . (P.W.J. Rigby/ M. 
jDieckmann, C. Rhodes and p/ Berg, J. Mol . Biol, 113, 237, 
j'1977) or the gap-filling yreaction described by Bourguignon 
lethal. (G.J. Bourguignon/, P.,J. Tattersall and D.C. Ward, J. 
! Virol. 20, 290, 1976) . /Bio-dUTP has also been found to 
f function as a polymer afee substrate both in CHO cells, permea- 
bill zed by treatment yVi th lysolecithin according to the 
method of Miller, etyal . (M.R. Miller, J.C. Cast.ellot, Jr. 
and A.B. Pardee, EM^>. Cell Res. 120, 421, L979) and in a nu- 
; clear replication /system prepared from Herpes simplex in- 
j fected BHK cells/ Although biotinyl ribonucieoside tri- 
j phosphates were /found to function as substrates for the RMA 
j polymerases ot coli and bacteriophage T7, they are not 
utilized as e/ficiently as their deoxyr ibonucleotide tri-- 
phosphate coj/nterpar ts . Indeed, they are incorporated 




% 
fr 

%;- 
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poorly, if at all, By the eukaryotlc RNA polymerases ex/ 
amined (HeLa cell RNA polymerase III, calf thymus RNA/poly- 
merase II and mouse cell Rm polymerase II). while/this 
limited range of substrate function does restrict/the util- 
ity in some in vivo or in vitro transcription stmdies, biotin- 
labeled RNA probes can be prepared enJtymatically from DNA 
templates using E. coll or T7 RNA polymerase/ or by 3' end- 
labeling methods using RNA llgase with comoounds such as 
biotinyl-pCp. The AA- and NAGE -derivatives/ of OTP are, how- 
ever, substrates for the eukaryotic RNA polymerases men- 
tioned above. With the availability o¥ antibodies to these 
analogs, the isolation of nascent tra/scripts by immuno- 
logical or affinity procedures shouJ/a be feasible • 

*he enzymatic polymerization of nucleotides containing bio- 
tin or imlnobiotin substitu€fnts//as not monitored directly, 
since neither of these probesy^ere radiolabeled. However, 
tvo lines of experimental evidence clearly show that the 
biotinyl-nucleotides were incorporated • The first is that 
polynucleotides synthesizeyd in the presence of biotin- 
nucleotides are^ selectivaly retained when chromatographed 
Over avldin or streptavl/din affinity columns, (Tables I and 
II) For example, whereras normal DNA, nick translated with 
32p^<3AMP, is quantitatively eluted upon the addition of 0,-5 
M NaCl, the vast majtority of biotinyl-DNA or irainobiotinyl- 
DNA remains bound tp the resin even, after extensive- washing 
with high salt, uryea, quanidine-HCl/ formamide or 50 mM 
NaOH* The small fraction of the radiclabel eluted by these 
washing conditions is not retained when applied to the resin 
a second time , /suggesting that radioactivity is associated 
with DNA fragments which are free of biotin substitution, 
.The second lyne of evidence is that only biotin-labeled 
* polynucleotl/des are immunoprecipitated when treated with 
purified anrti-biotin IgG followed by formal in'-fi.xed Staphy - 
lococcus ^reus , (Table III) It is clear from the data in 
these tables that extremely small amounts of biotin can be 



detected by this method. These results als^ show that the 
biotin molecule can be recognized by avidin, streptavidln or 
specific antibodies while the DMA is still in its naty/e, 
double-stranded EorTti, a condition that Is absolutel Vessen- 
tial if the antibody-binding or avidin-af f ini ty aoproaches 
are to be useful in probe detection employing hyoridira- 
tion techniques. • 

TABLE,! 



SELECTIVE RETEWriOM OF BIOTJt/IZED Om 
ON AVIDlN-SEPHAKOi 



Eluent 

■ Load - 3 X lOS cpm 

10 mM Trls 7.5 
+ 0.2 M NaCl 

(1) 0.5 M NaCl 

M2) 1.0 M NaCl 

(3) 8 M Urea 

(4) 6 M guanidlne-HJ^l 

(5) 99% fortnamide 

(6) 2 mM Biotin 

(7) SO mM NaOH 



I DMA Retained on Resin 
Bio-DNA (11) T-DNA 



100 

100 
99.7 

100 
95.2 
94.7 
97.6 
89.5 



100% 

0.1 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
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TABLE II 



Affinity Chroma tog caphy of Iminobiotin-dOTP 
and Irainobiotinized - DMA on S tr eptavidin-Sepha/ose 



Eluent 
Load - 

(1) 
(2) 
.(3) 
(4) 
(5) 

(6) 



% Retained on SA/sepharose 
T-DMA 3H_i^dUTP IS-DNA 



10 mM Tria-HCl, 8.3 
SO mM NaCl 
0.1 M MaCl 
1.0 M KaCl 
8 M Urea ; 
6 M guanidine-rHCl 
SO mM NH4-acetater 
pB 4.0 

SO mM NH4-3Cetate, 
pH 4.0 

2 mM biotin 



£ III 



DMA * Antibody 



T-OMA 
T-DNA 
T-DNA 

Bio-DNA 
Bio- DMA 
Bio-DMA 




8.7 
<0.1 
<0.01 
<0.01 
<0 . 01. 

<0/01 



0.01 



100 

100 

100 
97 . S 
97.0 

<0.01 

CO. 01 



99.7 
99.7 
99.4 
98.5 
97.0 

96. S 

<0. 01 



SELECTIVE IMMUNo/rECIPITATION OF BIO-DNA 
WITH ANTl-BIOTIM IgG and ST APH AUREUS 



Anti-B 



Hon -immune IgG 



Anti-Bio IgG 
N&n- immune IgG 



CPM in 
Immuno ppt. 

70 
87 
55 

53 
3347 
60 



CPM in 
Supernatant 

4867 
■' 5197 
5107 

3886 
736 
3900 



1-2/2 



*N.T. pBR-3Z2 DMA, 32p_iabeled; II Biotin substitution. 
Spefiiific activity, 2 x 10 cpm/yg 
Bi(6tin detection 0.001-0.01 pmoles. 
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Thus, it Is possible to prepare novel compounds having they 

structure J 



? 



ho-pH 
I 

OH 



B 



0-CH no, 



OH 



B^ 



D-CH 



m 



2.0. 
H H 



W r 



? 
f 



'--0-5 
OH 



B 



OH 



-OH 



wherein each of B, B'r and By/ represents a purine, deaza*- 
purine, or pyrimidine moiet/ covalently bonded to the C^'- 
position of the sugar moieicy, provided that whenever B, B* 
or IS" is purine or T-dea^apur ine , it is attached at the*^ 
position of the purine ox deatapuririe* and whenever B, B', 
or B" is pyrimidine, ijs is .attached at the N^-position; 



wherein A represents/a moiety consisting of at least three 
carbon atoms* which /is 'dapable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into a double-stranded duplex formed with a complementary 
ribonucleic or (^oxyr ibonucleic acid molecule. 



wherein the dc/tted line represents a linkage group join- 
ing B and A, /provided that if B is purine/ the linkage is 
attached to /the 8-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
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deazapuclne, and if B is pycimidine, the linkage is att^hed 
to the 5-po3ition of the pytimidinej 

wherein z represents H- or H0-; and 

wherein m and n represent integers from 0 up toyabout 
100,000. 

Of course, it should be readily understood /hat in general m 
and n will not simultaneously be 0 sincery/in that event, the 
compound becomes merely a modified nucle/Stide as described 
previously. In general B* and B" will/Vary within the same 
oligo- or polynucleotide, being alternatively uracil, cyto- 
sine, thymine, guanine, adenine, pr /the like. Also, in gen- 
eral, the variation will correspond to the ordered sequence 
of nucleotides which codes for th4 synthesis of peptides 
according to the well known Geni^tic Code. However, it is 
intended that the structure shtown also embrace polynucleo- 
tides such as poly C, poly o/ poly r(A-U), and poly d(A-U) 
as well as calf thymus DNA,/r ibosomal RMA o£ E. coli or 
yeast, bacteriophage RNA ahd DNA (R17, fd) , animal viruses 
(SV40 DNAj , chromosomal tiVA, and the like, provided only 
that the polynucleotide^ be modified in accordance with this 
invention. 



It is also to be understood that the structure embraces more 
than one modified nlicleotide present in the oligomer or 
polymer, for example, from two to thirty modified nucleo- 
tides. The criti/al factor in this regard is that the number 
of modif icationi not be so great that the polynucleotide is 
rendered ineffictive for the intended use. 

Finally, it /should be • understood that modified oligo- and 
polynucleotides can be joined to form larger entities having 
the same structure so long as terminal groups are rendered 
comoatibl/e or reactive. 
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These compounds can be made by enzymatic polymerization/of 

appropriate nucleotides r especially nucleotide tripho^hates 
in the presence of a nucleic acid template which directs 
synthesis under suitable conditions. Such conditi/ons can 
vary widely depending upon the enzyme employed, ^mounts of 
nucleotides present, and other variables. Illustrative 
enzymes include DNA polymerase I of E. coli , )5acter iophage 
T4 DNA polymerase, DNA polymerases <Jand 3 ©torn murine and 
human (HeLa) cells, DNA polymerase from He/pes simplex 
virus, RNA polymerase of E. coll , RNA polymerase of bacter- 
iophage T7, eukaryotic RNA polymerase i/cluding HeLa cell 
RNA polymerase III, calf thymus RNA polymerase II, and mouse 
cell RNA polymerase II, / 

Also, the compounds can be prepared by terminal addition to 
oligo- or polynucleotides to produce compounds in which m or 
n is 0 depending upon whether tWe addition is at the 5' or 
3* position. Moreover, the co/pounds such as pCp or pUp in 
which the base is biotinized iCan be added to existing mole- 
cules employing the enzyme RNA ligase. 

Modified oligo- and polynucleotides can also be prepared by . 
chemical modification of /existing oligo- or polynucleotides 
using the approach desc/ibed previously for modification of 
individual nucleotides/ 

The various modif iedYnucleotides, oligonucleotides, and 
polynucleotides of this invention may be detected by con- 
tacting the compourfds with polypeptides which are capable of 
forming complexes/therewith under suitable conditions so as 
to form the complexes, provided that the polypeptides in- 
clude one or mo/e moieties which can be detected when the 
complex or complexes is or are formed, generally by means of 
conventional aetection techniques. 

One polypeptide detector for the biotiny 1- type probe is 
avidin. The avidin-biotin interaction exhibits one of the 
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tightest non-covalent binding constants (Kdis='^^''^^> seen/in 
nature. If avidin is coupled to potentially demonstrable 
Indicator molecules* e.g., Eluorescent dyes ( £luoro3ce/n , 
rhodamine), electron-dense reagents (ferritin, hemocy6nin, 
colloidal gold), or enzymes capable of depositing iri^oluble 
reaction products (peroxidase, alkaline phosphatas/) the 
presence, location and/or quantity of the biotin/probe can 
be established. 



Avidin hasr unfortunately, one property that/makes it less 
desirable as a biotin-indicator protein whOT used in con- 
junction with nucleic acids or chromatin /aterial. It has 
been reported (M.H. Heggeness, Stain Teohnol . , 52, 165, 
1977? M,fl. Beggeness and J.F. Ash, J, /ell. Biol., 73r 783, 
1977; E.A. Bayer and M, Wilchek, Methbds of Biochemical 
Analysis 2^, 1, 1980) that avidin binds tightly to condensed 
chromatin or to subcellular fractions that contain large 
amounts of nucleic acid in a mannfer which is independent of 
its biotin-binding property, s/nce avidin is a basic glyco- 
protein with a pi of 10,5, i ts/histone-like character or its 
carbohydrate moieties are most likely responsible for these 
observed non-specific inter/ctions . 



A preferred probe for bio/tin-containing nucleotides and 
derivatives is streptavi*ainv an avidin-like proteia syn- 
thesized by the soil organism Streptomyces avidinii . Its 
preparation and pur ifl/bation is described in Hoffman, et 
al., Proc. Natl. Acad^.'sci., 77, 4666 (1980). S,tr eptav idin 
has a much lower pl/(5.0), is non-glycosyla ted , and shows 
much lower non-spetfif ic binding to DMA than avidin, and 
therefore offers TOtential advantages in applications in- 
volving nucleic ^Id detection methodology. 

A most preferreyfl protein for biotin-Hke probe detection is 
monospecific ribbit IgG, antibiotin immunoglobulin. This 
compound was prepared by immunizing rabbits with bovine 
•serum albumiri conjugated biotin as described previously (M, 



I 
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Berger, Methods in Enzymology, 62, 319 (197Ti) and purif/ed 
by affinity chromatography. Although the association flfcn- 
stant of immunoglobulin-haptens have values of ^^^^J (10^ to 
10^*^) which are considerably lower than for avidin-^otin 
complexes, they are substantially equivalent to tKose ob- 
served with the avidin-iminobiotin complex- Furthermore/ 
the anti-biotin antibodies have proven extrem^y useful in 
detecting specific polynucleotide sequences pr\ chromosomes 
by in situ hybridization since little, if a^y, non-specific 
binding of the antibody to chromatin raate/lal occurs. 

The modified polynucleotides of this Invention are capable 
of denaturation and renaturation undin: conditions compatible 
with their use as hybridization prooes. An analysis of the 
thermal denaturation profiles and/hybridization properties 
of several biotin-substituted DMA and RMA polymers clearly 
Indicates this. For example, e«R 322 DMA or X DMA, nick 
translated to introduce approximately 10-100 biotin residues per' 
kilobase, have Tm values essentially Identical to that of 
the control, biotln-free DMAs, Furthermore, ^^P-labeled, 
biotin-substituted, pBR 3^2 DMA/ exhibited the same degree of 
specificity and autoradiiographic signal intensity as con- 
trol, thymidine-containlng DMA, when used as a hybridization 
probe for detecting bafcterial colonies containing the plas- 
mid, / 

In DMA duplexes, s/ch as MVM RF DMA, in which every thymidine 

/ * ^ 

residue in one stfand (1250 in toto per 5 Kb) is replaced 
by a biotinyl-nuisleotide, the Tm is only 5^ C less than 
that of the uns/ibs ti tuted control* Although the Tm of 
poly d (A-bioU)/ in which each base pair contains a bio-dUMP 
residue is IS^ C lower than the poly d(A-T) control, the 
degree of cooper ativity and the extent of hyperchromici ty 
observed hat)ci during denaturation and renaturation were 
the same for the two polymers. A parallel analysis of 



1 
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RNA duplexes and DNA/RtlA hybrids indicates tnat their Tm* s/ 
also decrease as the blotin-content of the polymer incre^es. 
However, it is clear that a substantial number of biotii!- 
molecules can be introduced without significantly al^^rinq 
the hybridization characteristics of the polymers. 

These results strongly suggested that biotin-suhiti tu tsd 
polynucleotides could be used as probes for defecting and/or 
localizing specific polynucleotide sequencesytn chromosomes, 
fixed cells / or tissue sections. The generarl protocol 
for detecting the biotin-substi tuted prob^ is schematically 
illustrated as follows: 

general protocol for probe/ detection 
via /a/ 5/r(/,c0l0nyj3r northern/southern 
hybriojzaVion mei?woos 

Anii probe sequence/ 



* I) Target* 
Delivery 



HybfvWfze with biotinized or 
haal^nized probe (with or wJlh- 
044 cloning vechicle sequences) 




6 6 6/ 6 6 



2) Signal 

Amplification 





-O = Biotin or 
Hapte ne 



1) Avtdin - peroxidase 

2) IgG - peroxidose 

3) Primary cf-deter minent IgG 




3) Oetecl/on 



1) , Insoluble peroxidase producis^DAB 

2) Antibody sandwiching technl<^ues 
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This general scheme Illustrates only procedures used fc/r 
gene mapping (cytogenetics) , and recombinant DNA-technol- 
ogies. However, it can be equally well applied to tjie de- 
tection of nucleic acid sequences o£ bacterial, vi^al, 
fungal or parasite origin in clinical samples and this forms 
the basis of a powerful new approach to clinicaa diagnostics 
which does, not rely on the use of radioisotoa/s . 

Immunological and histochemical methods for the detection of 
biotin have shown that th^ basic approach^ is useable for a 
rapid method of gene mapping in situ hyl^ idization and non- 
radioactive procedures for detecting specific nucleic acid 
sequences by blotting hybridization rafethods. Use may be 
made of this technology in developm/nt of new clinical diag- 
nostic procedures, / 

Using this approach, it is possible to determine the presence 
of a specific deoxyribonucleic/or ribonucleic acid molecule, 
particularly such a molecule iflerived from a living organism, 
e«g.. bacteria, fungus, virus/ yeast, or mammal. This in 
turn permits diagnosis of nucleic acid-containing etiolog- 
ical agents- in a patient <A other subject. « 

Moreover, it provides a /method for screening bacteria to 
determine antibiotic resistance. Thus, for example, peni- 
cillin resistance in streptococcus pyogenes or N^eisser is 
meningitidis ? tetracycline resistance in Staphylococcus 
aureus , Candida albicans , Pseudomonas a eruotnosa » Strep - 
tococcus pyogenes , fot Neisseria gonorrhoeae ? and amino- 
glycoside resistanfce in Mycobacterium tuberculosis can be 
determined. / 

In these methods a polynucleotide is prepared which is 
complementary fto the nucleic acid sequence which charact- 
erizes the or/ganism or its antibiotic resistance and which 
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additionally includes one or more modified nucleotide 
according to this invention. This polynucleotide 1^ 
hybridized with nucleic acid obtained from the or/anisin 
under scruntiny- Failure to hybridize indicate^^ absence 
of the organism or of the resistance characteristic - 
Hybridized nucleic acid duplexes are then id^tified by 
forming a complex between the duplex and a ysuitable 
polypeptide which carries a de.tectable moiety, and detect- 
ing the presence of the complex using an/appropriate de- 
tection technique* Positive detection ylndicates that the 
complex, the duplex and therefore the /nucleic acid se- " 
sequence of interest are present* / 

This approach can be extended to the, diagnosis of genetic 
disorders, such as thalassemia ahd sickle cell anemia. 
The deoxyr ibonucleotide acid g/ne sequence whose presence 
or, absence (in the case of th/lassemia) is associated with 
the disorder can be detected/ following hybridization with 
a polynucleotide probe according to this invention based 
upon complex formation with a suitable detectable poly- 
peptide* / 

The mapping of genes oi .their transcripts to specific 
loci on chromosomes has been a tedious and time-cbn- 
, suming occupation, involving mainly techniques of cell- 
fusion and somatid ycell genetics. Although in situ ^ 
hybridization has ^en employed successfully for mapping 
single-copy gene ^raequences in species that- undergo 
chromosomes polytenizationr such as DrosoohlLa, de- 
tection of uniaiue sequence genes in most higher eukaryotic 
chromosomes hafe been extremely difficult, if not impossibl 
using standam hybrization methods* The necessity for 
polynucleotide probes of very high specific radioactivity 
to facilitate autoradiographic localization of the hybrid! 
zation sitfe also results in rapid radiodeccmposition of th 
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probe and a concomitant increase in the background nol^e of 
silver grain deposition. The use of hybridization pyobes 
with low to moderate specific radioactivities requires ex- 
posure times of many days or weeks, even to detect rnulti- * 
copy sequences, such as ribosomal RNA genes or satellite 
DMA. Since recombinant DMA technology has made/feasible the 
molecular cloning of virtually every single-oopy sequence 
found in eukaryotic cells, it would be extr^ely beneficial 
to have a rapid and sensitive method for ymapping the chro- 
mosomal Origin of such clpned genomic fr^ments. 

Modified nucleotides may be used in ^ method of gene 
mapping by in situ hybridization which circumvents* the use 
of radioisotopes. This procedure tr^kes advantage of a 
thymidine analogue containing biotin that can be incor- 
porated enzymatically into DMA probes by nick translation. 
After hybridization in situ the? biotin molecules serve as 
antigens for affinity purified rabbit anti-biotin anti- 
bodies. Imraunof luorescent aiytibody sandwiches made with 
fluorescein-labeled goat anrti-rabbit IgG allow for rapid and 
specific cytogenetic loca/ization of cloned gene sequences 
as green-yellow bands, ^his method offers four major ad- 
vantages over conventional autoradiographic methods of in 
situ gene localizationr; Jless background noise, an increase 
in resolving power between bands; a decrease in the time 
required t6 determi/e the site of probe hybridization; 
and chemically staJSle .hybridization probes.. This 
method has been applied successfully to the localization of 
reitterated and ^unique DMA sequences in the polytene chro- 
mosome of Drosqphila milanoqaster and satellite DNA on 
mouse metaphas4 chromosomes. 

Thus it has/been found that polytene chromosomes could be 
used as a Jtest system for establishing the efficacy of 
probes usying the modified nucleotides according to th$ 
instant /Invention as detected by indirect immunofluor- 




1. 
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.escence foe in situ gene mapping. The probes include;/ a 
variety of cloned Drosoohila sequences obtained fron/ Otto 
Schmidt and Dieter sail, such as tRNA genes cloned/in 
plasmid vectors with inserts of sizes ranging fraim about 5 
to about 22 kilobases. Many of these clones haVe already 
been assigned to specific bands on the DcosopjUla chromosome 
map by conventional in situ hybridization mer^hods employing 
radioisotopes, » / 

DMA probes were nick translated in the /resence of Bio-dOTP. 
Occasionally dATP and/or dCTP wa& included in the nick 
translation reaction mixture. This /l lowed both autoradio- 
graphic and immunofluorescent localization of a se- 
quence on a single chromosone spread ♦ in situ hybridi- 
zation was performed as described in M.L. Pardue, and J.G* 
Gall, Methods in Cell Biol., l/, 1 (1975). After the final 
2 X SSC wash to remove unhybDldized probe, the slides were 
rinsed with PBS (phosphate buffered saline) .and incubated at 
37«> C with 2.5.ug/ml Rabbi/ anti-biotin in PBS and 10 mg/ml 
BSA for 2-16 hours. This^ was followed by incubation of the 
slides with FITC labeled^ Goat anti-Rabbit IgG (Miles Labora- 
tories, diluted 1:100 tn PBS and 10 mg/ml BSA) for one-four 
hours^ Evans Blue wa/ often required as a red counterstain 
to see the chromosom/Zs with fluorescent illumination. 

When plasmids pBRylTD and pPW 539 containing 5 Kb and 22 Kb 
inserts, respectively, were hybridized by this method, it 
was found that th^ pattern of hybridization is reproducible 
from spread" to sptead and is observed unambiguously on 
greater than ao% of the chromosome spreads on a given slide. 

The cloned t/ansposable element pAC 104 is known to map at 
many sites Along the Drosoohila genome. Comparison of the 
autoradiogiaph and the fluorescent picture obtained by in 
situ hybridization of this probe illustrates a major ad- 
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^^l^"^^ ?^ this method, i.e., that where diffuse regioAa of 
\^ ^^^^^ gtalns appear on an aut radiography doublets flfr a 
s^eiiles of bands are discernible by immunof luorescep^t label- 
lit^! '] 



sil^riment of a DMA fragment .to a specific 
wiihin six hours of hybrldixation. This 



Th*i|j other imniediately obvious advantage of thia method is 

th||^^jttemendous decrease in time required for/g^n® assign- 

me|ii,ts to be made by indirect immunofluorescXnce. An as- 

nd can be made 
« 

is in comparison to 
da^^s or - weeks required for autoradiogra(^hlc exposure 
. in^fehods. This factor, in combination /ith Increased resolu- 
tl|on^ makes the use of modified nucl4otid«fl detected by In- 
'direct .'immunofluorescence immediately preferable to more 



classical methods. 



••; 

,;It;i has been shown that this 1 

mammalian chromosomes 
mi^ped. to'the centromeric 
*sbthes« 



The result provlc 



unologlcal method also works 
in satellite DMA has been '/ 
gions of mouse metaphase chromo- 
3 a basic foundation for the 



t ; .i I 



;deyelopment of a simple qfene mapping procedure for single 
jdopy (unique) sequences/in chromosomes from human and other 
.n^jimmals* Such a proce^re should greatly facilitate our 
Guilder standing of the yenetic organization of the; chromosome 
and make clinical cytogenetic diagnosis much more rapid and 
; jiractical . 

l^^hile a single-st^p "antibody sandwich** method in which the 
{chromosome spr^d is challenged, post-hybridization, with 
in IgG may succeed, this protocol may not 
^nerate suffifcient fluorescence for unambiguous giene as- 
signments* However, a much stronger fluorometrlc signal can 
rrbfe achieved /oy using the ''haptene-antibody sandwich tech- 
'[;':riique** desdtibed by Lamm, et al , , (1972); Wofsy, et al., 

'n this pcoceduce the primary antibody, in our case 



' (;1974) . 
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...^..^^r^^^iic, rabbit anti-blotin llgG, Is chemically robdlfied^ 
li^r^M^^ reagent r. such as -2, 4-dlnikrof yiorb-^ 

iibi.^^^^^^^ while the iimnunoglobulin is boOnd »fto an 

'^^rt ti^^^^ (biotin-Sepharose TM) • • /s many as 

riS^^^ groups can be coupled to tb4 primary, 

iijitfib.bdy^^ decreasing its antigen bind^g a£f inityj or 

^■^Wdificity (Wallace and Wofsy, 1979). If t^^'ptimaryf-^ . 
antibody' treatment 5f the test sample is f/llowed by an = 
jint^tibatibn with a flucrescently labeled ahti-hapten IgG 
jitiUb^y^ than a fluorescently Labeled anti-Ig<3, a 5- 

* |j^|[lijl4U in fluorescence signa^can be i achieved. 

|Slfj:e^^ also has; available monospecific guinea pig . anti- ; 
jD^jyllgGill we can haptenize this sec^dary anfcibody .wlth bio- 
jtl|{ahd!; thus generate two anti-ha^ten IgG populations/ DHPj* 
|l^I^ledjijanti-biotin IgG and bio^in-labeled anti-DNP IgG. l£ 
|th*leie^^ be used alternately /o achieve several rounds of } 
/^h5||in7^ sandwiching y^d then followed with fluor- \ 

I -esl^iitly labeled protein A Ctora Staphylococcus aureus which 
nbirtdsjispeclf ically to IgG nfolecules from many mammalian ;: 
psplii^s-i it could result in an enormous amplification of the 
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antibody signal /ith its concomitant utili.ty.y 



this' >rotein streptavi/din from Streotomyces avidihi is. a 
,. potential alternativ 



to anti-biotin IgG as a vehicle to 

..specifically dlrect/a coupled visualization system (e»g., 

; llfjofcesjient ptobe/ (above) or histochemical reagents (bel 
ithe 



a 

■I'. Hi 



low) J 

lite of tw4 hybridized biotin-containing polynucleo- . 

/.Tine of sttteptavidin's advantages over anti-biotin 

!|^'ls'|!that it^affinity for biotin is Kassn " whereas 
il^tocia'tion colnstants for haptene-IgG interactions are 
jld^l ,to|;10lp./Tha fast reaction rate and extreme affinity ; 
'm^4n\th.at t/e time required to localize the biotinized j: 
minutes with streptavidin versus hours with 
.reagents. 



IbjLe'wiil 
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Initial evaluations of a stceptavldin detection system ate 
currently in progress. Polytene chromosomes hybridize?/ with 
biotlnized DMA probes will be incubated with streptawadin 
followed by a subsequent incubation with bovine seryra albumin 
which has been doubly labeled with biotin and FITc/(FITC, 
biotinyi"BSA) . Since only one of the four str epMvidin 
subunits is likely to be involved in binding at/each biotin- 
ized DMA site, potentially one labeled 8SA moL^cule can bind 
to each of the remaining three nonconjugated /subunits' of the 
streptavidiii-biotinyl nucleotide complex • The fluorescence 
signal from this single streptavi,dln + FITCr biotinylBSA 
layer will be compared with a control usj/ng the basic 
"dntibody sandwich method" described ea/lier. 



If the "antibody sandwich" and strepbavidln + FITCr biotinyl- 
BSA detection intensities are compay4ble, one can attempt to 
enhance the streptavidin + FITC, bi^tinyl-BSA system to 
single-copy copy sensitivity in a/manner that parallels the 
multiple "haptene-antibody sandw/ch" approach. Since some 
of biotin groups on BSA will not be bound to the first layer 
of streptavidin, a second layat of streptavidin can be added 
until sufficient signal is obtained. For example, if in the 
second layer, only two streptavidin protomers bind to each 
^irst-layer BSA and each ofi^ these streptavidin protomers 
binds three FITC-biotinyiysSA molecules, then the second 
;layer intensity will be.ttVice as great as that from the 
: first layer; for the th/rd layer, with analogous binding 
stoichiometr ies, the f/uorescent intensity will be 12-fold 
that of the first lay/r, so the total intensity will rapidly 
increase with successively added layers, 
there are plans to v/se a larger carrier protein such as 
; thyroglobulin rather than BSA in order' to maxiihlze amounts 
; of attached fluorescent and biotin probes. It may also be 
.necessary to use/a longer linker arm between the biotin 
probe and the carrier protein. A longer linker arm should 
; sterically opt/mize the theoretical delivery of a biotinizsd 



ifj; 

I 



I 
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fluorescent carrier molecule to each noncon jugated strept^vidln 
subunit and maximize the number of streptavidin protome/s 
In the subsequent layer which will bind to the biotinJ^ed 
fluorescent carrier. As before, appropriate control/ will 
be done to insure that substitution of the carr ierTprotein 
with fluorescent probes and biotin does not cause/solubility 
and/or nonspecific binding problems, / 

The streptavidin-carrier protein delivery system has two 
significant advantages over the immunfluor accent approach 
in addition to its speed of delivery, Fi^st, only two 
protein components are needed to form the layers. Second r 
only the carrier protein needs to be myaified and it is 
not necessary to maintain functional j6r even total structural 
integrity as long as the biotin groups are accessible to 
streptavidin. / 

An alternative to the fluorescenfce method for visualizing 
hybridized probes is to direct /enzymes such as peroxidase, 
alkaline phosphatase of S-gal/ctosidase to the hybridization 
site where enzymatic conversion of soluble substrates to 
insoluble colored precipitates permits light microscope- 
visualization. The important advantage of this technique 
is that the histochemical/ methods are 10 to 100-fold more 
sensitive than fluorescence- detection. In addition, the 
colored precipitates 6a not bleach with extensive light 
exposure thus avoiding one of the general disadvantages 
of fluorescent light /microscopy . These enzymes can be 
coupled to the final antibody instead of fluorescent probes 
in the "haptene-ant/ibody sandwich" technique using bifunctional 
reagents such as c/lu taraldehyde or in the case of peroxidase 
via oxidation of Ahe peroxidase carbohydrate moieties to 
aldehydes and coupling of these residues with €-amino groups 
of the desired /protein. For the str eptavidin-biotinized 
carrier protein method, an enzyme with biotinyl groups 
coupled to it/could replace a f luorescently-biotinized 
carrier system. Alternately, the enzyme could be coupled 
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'.la biotin to the last layer of strcptavldin with ampu/ication 
of stceptavidin sites being built up in pteceding lay/rs 
using biotinized BSA or thyroglobulin. We will beoi^ develop- 
ing the necessary histochemical reagents and the ^propciate 
substrate/insoluble product combinations for vist^alizing 
in situ hybridizations without background problems n the 
;;ar^ture. The histochemical approaches to/signal amplifica- 
tion should therefore be ready for trial in >^he summer 



of 1981. 



Detecting and/or imaging very low level/of ^ . 

Ught is possible ueing currently ava/able image intensifiers 
or systems composed of. lasers and ph/tomultipliers These 
methods permit the detection of lift down to the level 
of individual photons. With suit/ble digital process ng 
systems, images can be produced which each po n , i.e. 
each pixel, of the image is st/ictly proportional to the 
number of photons emitted by / point at the object. Osing 
systems of this kind or flow/systems in which the cells 
or parts of cells flow pas/a laser beam, one can obtain 
detection sensitivity inc/eases for fluorescent material 
of factors between 100 a/d 1000 beyond that which , 
detected by the eye. t/is increase is sufficient to detect 
the fluorescence of siXgle copy genes, 

in a preferred modi/cation, analogs of dUTP and UTP that 
contain a biotin miecule covalently bound to the Po- 
tion of the pyrimi^ine «ling through an allylamlne. linker arm 
have been synthe/ized. These biotinyl-nucleotides are ef- 
ficient substrais for a variety of DNA and polymerases 
in Vitro. DNAlontaining low levels of biotin substitution 
Tioli^cules /r less/kilobase) has denaturation, reassoc- 
iation and hy/r idization characteristics which a.eindis- 
tinguishablJfrom that of unsubstituted control DMA. 

Thus, this/invention also provides a method of 
karyotypi/g. m this method, modified polynucleotides ar, 
o eoa edAhich correspond to known genes and include mod- 
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fied nucleotides. These polynucleotides are hybr idizedy^i th 
chromosomal deoxyribonucleic acid and the resulting duplexes 
contacted with appropriate polypeptides under suitatxTe con- 
ditions to permit complex formation. The polypepti/aes in- 
clude detectable moieties so that the location of/ the com- 
plexes can be determined and the location of sp^ific genes 
thereby fixed* 



Another embodiment of this invention invol»/^s detection of 

poly A-containing sequences using poly U i/n which some of 

the uracil bases have been modified to ciontain a probe. Yet 

another emoodlment involves cyclic modified nucleotides in 

which two of X, Y, andz are reacted tjs form the cyclic moiety 
t I 

P 

\ 

OH 



Such cyclic modified nucleotides may then be used to iden- 
tify hormone receptor sites on cell surfaces which in turn 
can be used as a method of 44tecting cancer or tumor cells. 



Finally^ tumor cells can )6e diagnosed by preparing poly- 
nucleotides which are moclified according to this invention 
and are complementary to, the messenger ribonucleic acid 
synthesized from a deoxyribonucleic acid gene sequence 
associated with the /reduction of polypeptides ^ such 
as a-fetal proteiiy or carcinoembryonic antigen^ the pres- 
ence of which is diagnostic for specific tumor cells. Hy- 
bridization and detection of hybrid duplexes thus would 
provide a method for detecting the tumor cells. 



The examples/which follow are set forth to illustrate var- 

i ' / ' 

ious aspectyfi of the present invention but are not intended 
to limit ijti any way its scope as more particularly set forth 
in the claims. 
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EXc-.-^Jtle 1 and 2 y 
Synthiagia of biotinyl - OTP and biotinyl - dUTP / 

a) Preparation of Mercuratad Mucleotldes / 

OTP (570 mg, 1.0 tnmole) or dUTP 554 mg, 1.0 tnmole/ was 
dissolved In 100 ml of 0.1 M sodiun acetate fati«er pH 
6.0, and mercuric acetate (1,59 gm, 5*0 mmolesO added. 
The solution was heated at 50 *C for 4 hour sy then cooled 
on ice. Lithium chloride (392 mg, 9.0 mmo/es) was added 
and the solution extracted six times witlr an equal vol- 
ume of ethyl acetate to remoye . excess agCl2. The effi- 
ciency of the extraction process was monitored by esti- 
mating the mercuric ion concentratioif in the organic 
layer using 4, 4* -bis {dimethylamin6)-thiobenzophenone 
(A.N. Christoper^ Analysts 9£, 39/ (19S9) . The extent 
of nucleotide mercuration, determined; spectrophotomet- 
rically following iodination of an aliquot of the aqueous 
solution as described by Dale/et al. (R.M.K. Dale, D.C. 
Ward, D.C. Livingston r and ^ Martin / Nucleic Acid Res. 
2^r 915 [19751), was routinely between 90 and 100%. The 
nucleotide products in th/ aqueous layer, which often be- 
came cloudy during the eJchyl acetate extraction ^ were * , 
precipitated by the addition of three volumes of ice- 
cold ethanol and collected by centrifugation. The pre- 
cipitate was washed twice with cold absolute ethanol, 
once with ethyl eth«r, and then air dried^ These thus 
prepared mercuratedf nucleotides were used for the synthe- 
sis of the allylainine-riuclsotides without further, puri- 
fication. / 

b) , Synthesis/of allylamine - dUTP and allylamine - UTP 

The raercuratid nucleotides (of step a) were dissolved in 
0.1 M sodituft acetate buffer at pH 5.0, and adjusted to a 
concentration of 20mM (200 OD/ml at 267 nm) . A fresh 2.0 
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M solution of ally lamina acstata in aqueous acetic acid/ 
was prepared by slowly adding l.S ml of allylamine . (l/. 3 
inmoles) to 8,3 ml of ice-cold 4 M acetic acid.. Three? ml 
(6.0 mmoles) of the neutralized allylamine stock wa?& added 
to 25 ml (0,5 mmble) of nucleotide solution* Ona/nucleo- 
tide equivalent of K^PdCl^, (163 mg, O.S mmole/, dis- 
solved in 4 ml of water, was then added to initiate the 
reaction. Upon addition of the palladium salt (Alfa- 
Ventron) - the solution gradually turned blsi/k with metal 
(Hg and Pd) deposits appearing on the waJas of the re- 
action vessel. After standing at room ycemperature for 
18-24 hours, the reaction mixture was/passed through a 
0.45 mm membrane filter (nalgene) to^ remove most of the 
remaining metal precipitate. The /ellow filtrate was di- 
luted five- fold and applied to ayloo ml column of DEAE- 
Sephadex TM A-25 (Pharmacia) . /fter washing with one 
column volume of 0,1 M sodium Acetate buffer at pH 5.0, 
the products were eluted usi/g a one liter linear gradi- 
ent (0.1-0.6 M) of either sodium acetate at pH 8-9, 
or triethylammonium bicarhfonate (TEAB) at pH 7.5. The 
desired product was in tpB major UV-absorbing portion 
which eluted between 0./30 and 0.35 M salt. Spectral ana- 
lysis showed that this^ peak contained several products, 
final purification w/s achieved by reverse phase - HPLC 
chromatography on cjblmms of Partisil - 0DS2, using either 
0.5M KH4H2PO4 hAffer at pH 3.3 (analytical separations) 
or 0.5 M triethyl/ammonium acetate at pH 4.3 (preparative 
separations) as/eluents. The 5 '-triphosphates of 5- 
U -aminopropen/l-yl) uridine (the allylamine adduct to 
uridine) were/the last portions to be eluted from the HPLC 
column and t^ey were clearly resolved Erom three, as yet u 
racterized ,/ contaminants • These nucleotides were charac- 
terized bw proton NMR elemental analysis tAA-dUTP (Cj^j 
^16 ^3 ^1/4 ^3 ^^^4'^ ^2*^'* theory C, 22.91; H, 2.38? M, 
6.68; F,/14,77. Foxind, C, 23.10; H, 2.85? N,6.49; P, 14.75 



AA-UTP (C^2 ^16 ^3 ^IS ^3 ^'^4 • ^HjO) : Theory, C 20.61; 
H, 3.46; N, 6.01? 13,3. Found C, 20,67; n, 4.11; / 
N, 5.39; P, 13*541 spectrally and chromatographically . / 

c> Biotlnation of AA-dUTP or AA-CJTP / 
Biotinyl-N-hydroxysuccinimide ester (NHSB) was pro^pared 
from biotin (Sigma) as described previously (H. yHeitsmann 
and F.M. Richards, Proc. Natl. Acad.Sci. DSA. A, .3537 
(19741). AA-dUTP-H20 (63 mg, 0.1 mmole) or AA-aTP*,4H20 
(70 mg, 0.1 nnnola) was dissolved in 20 ml of 0.1 M sodium 
borate buffer at pH 8.5, and mSB (34.1 mq/, 0.1 mmole) 
dissolved in 2 ml of dimethyl formamide, Xas added. The 
reaction mixture was left at room tempe/ature for four 
hours and thett loaded directly onto a yJo ml column of 
DEAE-Sephadex TM A-25, preequilibratafd with 0.1 M TEAH 
at pH 7.5. The column was eluted with a 400 ml linear 
gradient (0.1-0.9 M) of TEAB. Fr actions containing 
biotinyl-dOTP or biotinyl-UTP , which eluted between 0.55 
and 0.65 M TEAB, were desalted by rotary evaporation in 
the presense of methanol and rTCissolved in water. Oc- 
caionally a slightly cloudy sc/lution was obtained.* this 
turbidity, due to a contaminant in some TEAB solutions, 
was removed by filtration tMrough a 0.45 mm filter. For 
long term storage, the nucleotides were converted to the 
sodium salt by briefly stirring the solution in the pre- 
sence of Dowex TM 50 (Na/ form). After filtration the 
nucleotide was precipitated by the addition of three vol- 
umes of cold ethanol, yashed with r^thyl ether, dried in 
vacuo over sodium hydroxide pellets, and stored in a des- 
sicator at -20*C. Fair iiranediate use, the nucleotide so- 
lution was made 20 MM in Tris-HCl at pH 7.5, and adjusted 
to a final nucleotide concentration of 5 mM. Stock solu- 
tions were stored/frozen at -20 *C. 

Elemental analysis of the bio-dUTP and bio-UTP products 
yielded the following results. Bio-dUTP (C22 H30 ^5 
O18 P3 Si Ma4./l H2O) . Theoretical; C, 29.80; H, 3.33; 
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7.89; P, 10.47; S. 3.61. Found; C, 30.14 3.22; m/ 
7.63; 10.31; 3.70.: Bic-UTP (C22 ^20 ^5 ^19 P3 /l 
Na4 *3 H2O) 2 Theoretical; C, 29. IS; H, 3.19; 7.4/5; 
P, 9.89; S, 3.41. Found; C, 28.76; H, 3.35; 7.^8; 
P, 9.81; S, 3.32. / 

The spectral properties of bio-dUTP and bio-UTyat pH 7.5 
( A max, 289 nm ( e =» 7,100); X max, 240 run { /t =10,700); 
X min, 262 nin ( c=»4,300)] reflect the presfi^ca of an 
exocylic double-bond in conjugation with thjk pyrimidine 
ring. These nucleotides also give a strong positive re- 
action (an orange-red color) 'when treated: with p-dimethyl- 
aminocinnamaldehyde in ethanolic sulfur/c acid, a proce- 
dvire used for biotin quantitation (D.a^ McCormick and J.A, 
Roth, Anal. Biochein. r 34, 32.6, 1970)/ However, they no 
longer react with ninhydrin, a char/cteristic reaction 
of the AA-dUTP and AA-OTP starting/materials. 

Examples 3 ana 4 

Synthesis of biotinyl-CTP and ^io tiny 1-dCTP 
CTP and dCTP were a) mercuratfed, b) reacted with allyla-* 
mine, and c) biotinized witii NHS -biotin, essentially as 
described in Example 1. CTP (56.3 mg, 0.1 mmole) or dCTP 
(59.1 mg, 0.1 mmole) were /dissolved in 20 ml of 0.1 M 
sodium acetate buffer at/pH 5.0, and mercuric acetate 
(0.159 gm, 0.5 mmoles) /dded. The solution was heated 
at 50 *C for 4.5 hours 'then cooled on ice. Lithium 
chloride (39.2 mg, O.jJ mmoles) was added and th6 solution 
extracted 6 times wiith ethyl acetate. The nucleotide 
products in the acmeous layer were precipitated by the 
addition of three ifolumes of cold ethanol and the pre- 
cipitate collected by centrifugation. The precipitate 
was washed with /bsolute ethanol, ethyl ether, and then 
air dried. Thej/e products were used without further 
purification tdr the synthesis of AA-CTP and AA-dCTP, 



"43- 



respectively • The mercurated nucleotides were dissolv^ 
in 0.1 M sodium acetate buffer at pH 5.0 and adjusted/ 
to a concentration of 10 mM {92 OD/ml at 275 run). ^.6 
ml (1.2 mmole) of a 2.0 M allylaitiine acetate stocj/ (pre- 
pared as described in E^cample 1) vras added to lo/ral of 
nucleotide solution (0.1 ntmole) followed by th/ addition 
of IUPdCl4 (32.6 mg, 0.1 mmole), dissolved ii/l.O ml of 
H2O. After standing at room temperature fo/ 24 hours, 
the solution was filtered through a 0.45 ipM membrane to 
remove metal precipates. The filtrate w^s diluted five- 
fold and loaded onto a 50 ml- column of liEAE-sephadex A-2S, 
preequilibrated with 50 mM TEAS at pH/7.5. The nucleotide 
products were fractionated by applicMibn of a 500 ml lin- 
ear gradient (0.05-0.6 M) of TEAS at pH 7.5. The desired 
product was in the major UV absorbing portion which eluted 
between 0.28 and 0.38 M salt. Tile pooled samples were de- 
salted by rotary evaporation, dissolved in 0.5 M triethyl- 
ammonium acetate at pH 4.2, a^d final purification achieved 
by HPLC chromatography on col^umns of Partisil ODS-2, using 
0.5 M triethylammonium acet/te as the eluent. Appropriate 
fractions were pooled, lya^hill^ed, and the products dis- 
solved iic H2O. The nucleotides were converted to the Nac^ 
salt by stirring briefly in the presence of Dowex TM 50 
(Na+ form). After filjcration^ to remove the Dowex resin, 
the nucleotides were /recipitated by the addition of 3 
volumes of cold ethaiyol. The precipitate was washed with 
ether and then air yflried. Analytical results? AA-dCTP 
(C12 ^17 ^4 ^^13/3 Na4 •2H20); Theory, C, 22. i9; H, 
2.63; N> 8.67, p/l4.40. Found C, 22.16; H. 2.89; 
8*77; P, 14,18. / AA-CTP (0^2 N4 0^4 Na4 - 2H2O) ; 

Theory C, 21. 7^; 2.57; N, 8.46; P, 14.01. Found, C, 
22.03; H, 2.4/; N, 8.69; P, 13.81; Spectral properties 
in 0.1 M Borate buffer at pH 8.0, ^ max 301 nm '( £ =6/400), 

X min 271 ito ( e «3,950) \ max 250 lun ( £«9,700). Both 
AA-dCTP and AA-CTP give a positive ninhydrin test. 





AA-CTP (6.6 mgr 0,01 iranole) or AA-dCTP (6,4 mg, 0.01 mmyie) 
was dissolved In 5 ml of 0.1 M sodium borate buffer at/pH 
8.3, and NHS-biotin (3.4 mg, 0.01 mraole) / dissolved i&x 0.2 
ml of dimethylf ormainide / was added. After sittino/at 
room temperature for 4 hours the sample was chroraa^o graphed 
oh a 10 ml column of DEAE-Sephadex A-2S, using a/l50 ml 
linear gradient (0.1-0.9 M) of TEAB at pH 7. 5, /as aluent. 
Fractions containing biotinyl-CTP or biotiny l/dCTP , which 
eluted between 0.50 and 0.60 M TEAB, were p^led, desalted 
by rotary evaporation, and after being adi^sted to a final 
concentration of 5 mM in 0,02 M Tris-HCl/Duf f er at pH 7.5, 
were frozen at -20 *C. The products giy4 a strong positive 
reaction for biotin with p-dimethylamtoocinnamldehyde in 
ethanolic sulfuric acid but give a wegative test for pri- 
mary amines when sprayed with ninhydrin. Further struc- 
tural characterization of these naroducts is in progress. 

Examples 5 afad 6 

Synthesis of Iminobiotinyl-UTP and Iminobiotinyl-dUTP 
Iminobiotin hydrobromide wafe prepared from biotin as de- 
scribed previously (K. llo/mann, D.B. Melville and V. du 
Vigneaud, Jt Biol. Cheiru./jUl, 207-211, 1941; K. Hofmann 
and A.E, Axelrod, Ibid./l87, 29-33, 1950), The M-hy- 
droxysuccinimide (NHS)/ ester of iminobiotin was prepared 
using the protocol pyeviously described for the synthesis 
of NHS-Biotin (H« Horitzmann and F.M. Richards, Pifoc. Nac- 
Acad. Sci. USA, ,7l/ 5537, 1974). AA-OTP (7.0 mg, 0.01 
mmole) or AA-dUTP/(6.3 mg, 0.01 mmole) , prepared as de- 
tailed In exampL6 1 (part b), was dissolved in 5 ml of 
0.1 M sodium bo/ate buffer at pH 8.5, and MKS-iminobiotin 
(3.5 mg, 0.01 Ihmole) , dissolved in 0.5 ml of dimethyl- 
formamide, wafe added. The reaction mi:ftture was left at 
room tempera/ture for 12 hours and then loaded directly 
onto a 10 ml column of DEAE-Sephadex A-2S, preequilibrated 



with 0.05 M TEAS at pH 7.5. The column vas eluted witK 
a 150 ml linear gradient (0.05-0 ,6 M) of TEAB. Frac;*4ons 
containing iminobiotin-OTP or iminobiotin-dUTP , wh^^h 
eluted between 0..35 and 0.40 M TEAB, were desalt;^ by ro- 
tary evaporation in the presence of methanol and^ dissolved 
in H2O. The products contained a small amount of allyla- 
mine-nucleotide adduct as an impurity/ as jiidged by a 
weak positive result in the ninhydrin test^ Final puri- 
fication was achieved by affinity chromatography on avidin- 
sepharose. Fractions of the impure pr;Wuct, made 0.1 M in 
soldium borate buffer at pH*8.5, wersf applied to a 5 ml 
column of avidin-sepharose and washfed with 25 ml of the 
same buffer. The column was then^ashed' with 50 mM ammonium 
acetate buffer at pH 4.0; which yeluted the desired imino- 
biotin-nucleotide product In y sharp peak* The nucleotide 
was precipitated by the addiblon of 3 volumes of cold 
ethanolr washed with ethylei^ier, dried in vacuo over so- 
dium hydroxide pellets and^ stored in a dessicator at -20 *C. 
Products were characterised by elemental analysis, as well 
as by spectral and chro^otographic properties* 

Examples 7 and 8 
synthesis of NAGE-jrrF and NAGE-dUTP 

Allyl (3-amino-2-^nydroxyr) propyl ether, abbreviated WAGE, 
was prepared from allyl glycidyl ether (Age) (obtained 
from Aldrich Chemical* Co. ) . 10 ml of Age (84 ramole) was 
added slowly /(in a fume hood) to. 50 ml of 9 M ammonium 
hydroxide and the mixture allowed to stand at room tempera- 
ture for six hours. Excess ammonia was removed by rotary 
evaporation under reduced pressure to yield a viscous yel- 
low oil* /Analysis of thi^ product by proton NMR showed 
that it ^possessed the required structure. 5-mercuri-dUTP 
(0.1 mmole) or 5-mercuri-UTP (0.2 mmole) was dissolved in 
2-4 my of 0,2 M sodium acetate buffer at pH 5.0, and a 16 




fold molar excess of nage adjusted to pH 5.0 with / 
acetic acid prior to use, was added. The final reac^on 
volumes (4.3 and 8.4 ml) had nucleotide- concentrat;l!ons 
of 43 and 42 mM, respectively. One equivalent opr P:2PdCl4 
(0.1 or 0.2 mmoles) was added to initiate the eeaction. 
After standing at room temperature for 18 hours r the re- 
action mixtures were filtered through 0.451 y^WM membranes 
the samples diluted five- fold, and chromabographed on 
columns of OEAE-Sephadex A-2S, using lintfer gradients 
(0.1-0.6 M) of sodium acetate. Fractiofts containing trfe 
desired products, as judged by their l/V spectra and cha- 
racteristic HPLC eiution profiles on/partisil ODS-2, were 
pooled, diluted, and further purified by rechromatography 
on DEAE-'Sephadex using shallow grgWlients (0.1-0.5 M) of 
ammonium bicarbonate- at pH 8.5. /Under these conditions 
the majority of the, tC^.pE-dUTP (at MAGE-OTP) could be cleanly 
separated from residual impurl/ties. Proton NMR spectra 
were obtained at this stage of purification after the 
nucleotides were lyophilizeta and redissolved in D2O. For 
elemental analysis, the products were converted to their 
sodium salt form. Typicai analytical results: Mage-dUTP 
<Ci5 H22 M3 P3 N/4 • 2 H2O) f Theory, C, 24.99; H,' 

N, 5.83; P, 12.88. Fotihd, C, 2S.39; H, 3.71; N, 5.63; Pr 
12.88 - / . 

/ E xample 9 

/ » * 

Uses Jot Labeled DNA Sequences 
i p Karyotyping / 

(a) Select from k hximan gene library some 100 to 200 clon 
Label them as described above 1 and for each clone locate 
its place or M.aces of hybridization visually or with a 
low-light-lei^l video system. For those clones which 
correspond to a unique sequence gene this determines the 
location ofi^ the cloned DNA on a particular human chromo-- 



some. Obtain several clones for each chromosome. Eafch 
of these labeled clones can be used to identify pa^icti- 
lax chromosomes. :fhey can also be used in conbiiy^ion 
to identify each of the 46 chromosomes as being /one of 
the 22 autosomal pairs or the x or the By y/llowing 
one set of labeled clones to hybridize to th^ chromo- 
somes and then adding a fluorescent stain tj6 the labels 
the set of clones and their locations can /oe visualized 
and will flouresce with a particular colour, A second set 
of labeled clones could then be used and reacted with a 
second fluorescent dye. The same process can be repeated 
a; number of times. Thus one can ^ ifydesired; have sev- 
eral sets of fluorescent labels attached to the cellular 
DNA at different but specific locations on each of the 
chromosomes. These labels could >be used for visual or 
computerized automatic karyotyping. 

(b) For automatic karyotyping,>6ne could use one set of 
clones to identify the approm^nate location of each of 
the 46 chromosomes by findii/g sets of spots corresponding 
to the number of labeling /ites on each chromosome. ThuSf 
it is p6ssible by computet analysis of the digitized images 
to determine if the chromosomes are suitably spread for 
further analysis* If bhey are suitably spread then' one 
can use computer analy4is to identify each of the "individ- 
ual chromosomes by the location and distribution of the 
labelled spots on eafch one. 

By using the fact jthat the fluorescent spots can be placed 
at specific locations on each chromosome/ one can carry out 
either manual or/automatic karyotyping very much more 
effectively than without such labels. 

!!• Diagnosis of Genetic Disorders 



By selecting the clones which bind specifically to a 



particular chromosome, such as number 23, it is possftie 
to count the number of copies of the particular chromo- 
some in a cell even if the chromosomes are not condensed 
at metaphase. Thus when fetal cells are ofatainf^ for 
prenatal*, diagnosis of trisomy 21, the diagnosas can be 
done even if the chromosomes are not conden/ed at meta- 
phase. If necessary, two sets of labels can be used — 
one which would be specific for chromosomfis 23 and one for 
some other chromosome. By measTiring in yeach cell the 
ratio of the two labels, which might bar of different 
colors, it ii3 possible to identify this cells which show 
an abnormal number of chromosomes number 2 3. . This pro- 
cedtire could be used either on slidfes with a low-light- 
level video system or in a flow c/tometer system using 
laser excitation. It can be used to determine any ab- 
normal chromosome number. / 

III. Microogranism Detectioyl and Identification 

The Labeling of specific aacueaces of DNA as described 
above permits identification and counting of .Jjidividudl 
bacteria. In order to Identify the individual bacteria 
to which a particular K-agment of DNA hybridizes the sensi- 
tivity must Le such ti/at a single labelled structure can 
be detected* This cdh be done using a low-light-level 
video system and computer summation of images, or by 
using some other device for intensifying the light image. 
A flow system can/also be used if the sensitivity can be 
made sufficiently grand. If one immobilized the bacteria 
on a slide theif location could be found and the number 
of such fluorescent spots counted. This would provide a 
count of all 6t those bacteria which contain Dl^A which 
can hybridizjS whith the specific clone utilized. If the 
clone is selected as being specific for a particular strain 
or bacteria, then one can count the number of organisms of 



that strain. In addition, any antibiotic resistanc 
which a particular gene has been identified could 
characterized in a similar way using, as a prob 
DNA sequence which is contained in the antibio 
sistance gene- In addition, a probe could be 
is specific for a resistance plasmid contai 
antibiotic resistance genes. In addition 
bacteria, groups of bacterial cells of a 
strain can be detected and their number 
they are located in a small spot so th 
orescence specific to the hybridized 
be measured- In this way the number 
taining a specific DNA sequence can 
of bacteria. 



By way of additional background with respect to th^ 
utilization of the biotin-polynucleotides of the ibove- 
Identlfied Langer et al article in Proc. Natl . Afcad* 
Sci. OSA, the publication by P, R. Langer-Saf e/, 
Levine and D. C, Ward in Genetics entitled 
Immunlogical Method for Mapping Genes on Prjosophila 
Polytene Chromosomes", describes a method /employing 
biotinated nucleotides as a probe for thp localization 
of DMA sequences hybridized in situ to JProsophila 
polytene chromosomes. In this application these probes 
are detected using affinity purified/rabbit antibiotin 
antibody as the primary antibody an/ f luorescenated goat 
antirabbit antibody as the secondary antibody. The 
disclosures of this Langer-Saf er /et al publication in 
Genetics are also incorporated /nd made part of this 
disclosure. / 

Other techniques employing Motin-labeled reagents with 
avidin or enzyme-labeled awldin reagents are known for 
the detection and determiniation of ligands in a liquid 
medium, see U.S, Patent y,228,237. Also, it is known 'to 
effect gene enrichment b4sed on avidin-biotin inter- 
action, particularly asr applied to Drosophila ribosomal 
RNA genes, see the J. yManning, M. Pellegrini and N. 
Davidson publication An Biochemistry , Vol. 16, No. 7, 
pages .1364-1369 (19w) , Other publications of 
background interesywith respect to the practides of 
this invention ar^ the D. J. Eckerraann and R. H. Symons 
article entitled /sequence at the Site of Attachment of 
an Af f inity-Labei Derivative of Puromycin on 23-S Ribo- 
somal RNA of Escherichia coli Ribosomes", Jj^ Biochem , 
82, 225-234 (1^78); the article by S. B. Zimmerman, S. 
R. Romberg and A* Kornberg entitled "Gluco6ylation of 
Deoxyribonucleic Acid-II -Glucosyl Transferases from 
T2- and T6-infec;ted Escherichia coli in The Journal, of 
Biological/Chemistry , Vol. 237, No. 2, February 1962, 
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and the article by J, Josse and A. Romberg "III. <?(/ 
and /f-Glucosyl Transferases from T4-Infected Escherichia 
col i " , also appearing in The Journal of Biologioal 
Chemistry , . Vol . 237, No. 6, June 1962. / 

Of furiCiJher interest in connection with the jpractices of 
this invention are the publications appeamng in the J . 
Biol , Chem. , Vol* 236, No. 5, May 1961, ^ages 
1487-1493; the same publication; Vol. 2^7, No. 4, pages 
1251-1259 (1962); the same publication/vol . 239, No. 9, 
pages 2957-2963 (1964). Of special Interest is the 
article appearing The Joucnal of Histochemistry and 
Cytochemistry , Vol- 27, No. 8, pag/s 1131-1139 (1979) 
and in the publication Nucleic Ac/ds Research , Vol. 5, 
No. 9, 1977, pages 2961-2973. Also of interest is the 
article appearing in the publiaation Biochimica et 
Biophysica Acta by A. De WaarCT entitled "Specificity 
Difference Between the Hydroj^ytnethylcytosine /^-Glucosyl- 
Transferases Induced by Bacteriophages T2, T4 and T6", 
pages 286-304, and also the article by T. W. North and 
C, K. Mathews entitled "T4r Phage-Coded Deoxycytidylate 
Hydroxyraethylase : Purification and Studies in Inter- 
molecular Interactions" / publ ished by Academic Press, 
1977, pages 898-904 an<y the article by E. A. Bayer and 
M. Wilchek entitled "The Use of Avidin-Biotin Complex as 
a Tool in Molecular BAology in Methods of Biochemical 
Analysis , Vol. 26, E>/ges 1-45 (1980), 




other techniques useful in the practices of /this inven- 
tion include nick translation of DNA emplo/ing DNA 
polymerase. A technique for effecting nick translation 
is disclosed in the article by P. W, Ri^by, M. Dieckmann, 
Ci Rhodes and P. Berg entitled "Labeli/g Deoxyribonucleic 
Acid to High Specific Activity in vit/o by Nick Transla- 
tion with DNA Polymerase" in Moi /siol . (1977), 113 , 
237-251. With respect to the recovery of streptavidin , 
such as from a culture broth of s/reptomyces avidinii > 
the article by K. Hofmann. S. w( Wood, C, C. Brinton, 
J. A, Montibeller and F. Fii^ entitled "Iminobiotin 
Affinity Columns and their Ap/lication to Retrieval of 
Streptavidin" in Proc. Natl .Acad, Sci. USA, Vol. 77, 
No. 8, pp. 4666-4668 (1980)/ discloses a suitable 
approach for the recovery of streptavidin from a 
strepavidin-containing ma/erial, such as from a culture 
broth. Streptavidin is jQseful as a reagent in one of 
the practices of this i/ventlon. 

The aforementioned publications/ a^e^ Ji^Qi^E^fn incorporated 
?and made 



)rementioned publications/ a J^jJ|i^(^f^ it 
ie part of this disclosutfe^^jy'^ 



SUMMARY OF THE INVENTION 

In accordance with the practices of this invention 
nucleotides are modified, such as at the 5 position of 
pyrimidine or the 7 -position of purine, preparatory for 
the preparation therefrom of nucleotide probes suitable 
for attachment to or incorporation into DNA or other 
nucleic acid material. In the practices of this inven- 
tion nucleotides, i.e. nucleic acids, preferably are 
modified in a non-disruptive manner such that the 
resulting modified nucleotides are capable of incorpor- 
ation into nucleic acids and once incorporated in 



nucleic acids the modified nucleotides do not signif- 
icantly interfere with the formation or stabilization oE 
the double helix formed of the resulting nucleic acids 
containing the modified nucleotides. The non-disruptive 
modification of nucleotides and nucleic acids incorpor- 
ating such modified nucleotides is in contrast with 
those modifications of nucleotides which are character- 
ized as a disruptive modification in the sense that the 
resulting disruptively modified nucleotides and nucleic 
acids containing the same blocH proper double helix 
formation. In the practices of this invention, the 
nucleotides are desirably modified at the 5 position of 
the pyrimidine or the 7 position of the purine. The 
nucleotides so modified are non-disruptively modified 
and nucleic acids containing such nucleotides are 
capable of forming a double helix arrangement. 

Broadly, in another aspect of the practices of this 
invention various methods are useful for the tagging or 
labeling of DNA in a non-disruptive manner. For 
example, biotin is added on the end of a DNA or RNA 
molecule. The addition of biotin is accomplished by 
addition of a ribonucleotide. The 3'>r* vicinal 
hydroxyl groups are oxidized by periodate oxidation and 
then reduced by a borohydride in the presence of biotin 
hydrazide. Alternatively, carbodiimide can also be used 
to couple biotin to- the aldehyde group. 

i 

Another technique for tagging nucleic acid material such 
as DNA or RNA involves the addition of a large marker to 
the end of a DNA or RNA molecule. One example of this 
technique is the addition of a molecule, e.g. lysyl- 
glycine, where the amino groups are tagged with biotin. 
Another example would be to follow the procedure set 
forth hereinabove but employing carbodiimide as the 
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cross-linking agent. Still another example of this 
technique would be to produce a biotinylated dAtdU 
double helical polymer and to ligate this polymer to 
the probe prepared in accordance with this invention. 

Another technique for tagging DMA in a non-disruptive 
manner involves the isolation of dPyrTP having a 
putricine or spermidine on the 5 position from PS16 or 
phage- infected cells. If desired, dPyrTP is made from 
phage DMA and phosphorylated to dPyrTP followed by 
modification of the polyamine side chain by means of 
standard nucleophilic reagent NHS-biotin. 

Another technique for tagging DNA in a non-disruptive 
manner involves the addition of glucose to 5-hydroxy- 
methylcytosine (5 HMC) in DNA using T4 phage glycoslya- 
ting enzymes followed by screening by means of a lectih- 
based assay. 

Still another method for tagginig DNA in a non-disruptive 
manner involves 5-HMC- tr iphosphate made from the 
hydrolysis of T4-DNA followed by phosphorylation of the 
5HMCMP to 5 HMCTP. 5HMCTP is then incorporated into DNA 
using polymerase I. Thus, any DNA can be modified to 
have non-dlsruptlvely incorporated therein 5 HMC, 

A method for tagging DNA in a mildly disruptive manner 
involves reacting* nucleic acids in the double helical 
form with alkylating reagents as for example ben2(o)py- 
rene diol epoxide or aflatoxin. Under appropriate 
conditions the N^ group of guanine, the N^ group ot^^^^ 
a dc nocin e or the N^ group of cytosine are alkylated. 
These modified nucleotides can be directly detected with 
antibodies or can be used as linking arms for' the 
addition of a reporter molecule such as biotin. 
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The following examples are illustrative of various 
embodiments of the practices of this invention: 

EXAMPLE I 

Biotlnyl-N-hydroxysuccinide ester (BNHS) was prepared 
according to a method of Becker et al , P.N.A.S, 68 2604 
(1971). Biotin (0,24 9 . • O^^nio^l ) ^ wais in 5ml 

dry dimethylformamide. p i^ e 1 oho 1^ cbo^ m ^ o (0.21 g, 
1.0 mmol) and N-hydroxysuccinimi.de (.12 g, 1.0 mmol) 
were added and the solution stirred at room temperature 
for 15 hours. After filtration of the subsequent 
precipitate, the filtrate was evaporated at reduced 
pressure, 4fif" residue was washed twice with ethanol and 
jrec c o vocod from hot isopropyl alcohol to yield a white 
crystalline product having a m.p, of 216-218^0. 

EXAMPLE II 

Biotinyl-1 , 6-diaminohexane amide was prepared as 
follows: A solution of 1 , 6-diaminohexane (320 mg, 2.0 - 
mmol), dissolved in 50 ml water, was brought to pH 8.5 
by addition of carbon dioxide. Biotinyl-N-hydroxy 
succinlmide ester (100 mg, 0.29 mmol), dissolved in 10 
ml dimethylformamide, was added. After 18 hours at room 
temperature the mixture was evaporated and the residue 
washed with ether and subsequently dried in a c^essicator. 
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EXAMPLE III 

Polybiotinylated poly-L-lysine was prepared by the 
following procedure, Polylysine (100 umol lysine) 
dissolved in 2 ml 0*1 M sodium borate, pH 8.5 was added 
to biotinyl-N-hydroxysuccimide ester (17.5 mg, 50 umol) 
dissolved in 0.5 ml dimethylformamide . After stirring 
at room temperature for 18 hours, the mixture was 
dialyzed against 10 mM tris buffer, pH 7.5. 

EXAMPLE IV 

Oligodeoxyr ibonucleotides were end-labeled using 
cytidinerS ' -triphosphate and terminal transjEerase as 
follows. Purified phage DNA, alkali sheared with 0.2 N 
sodium hydroxide and diluted to 2 A260 units/ml in 
potassium cacodylate (0.1 M) , tris base (25 mm), cobalt 
chloride (1 mM) and dithiothreitol (0.2 M) were used. 
To this DNA solution (1 ml) was added cytidine-5 ' -tri- 
phosphate (10 mmol) and terminal transferase (200 units) • 

After incubating at 37° for 5 to 8 hours the reaction 
was stopped by the addition of neutralized phenol (100 
ul), 0.5 M EDTA (100 ul) and 1% sodium dodecyl sulfate 
(100 ul). The DNA was purified by gel filtration- 
chromatography through Sephadex G-lOO followed by 
precipitation with ethanol* 



EXAMPLE V 



Biotin and polybiotinylated Poly-L^l^sin^-^re coupled 
to oligocibonucleotides using i mHn coupling 

procedure described by Halloran and Parker , J. . Inimunol . , 
96 373 (1966). As an example, DNA (1 ug/ml) , 1 ml) in 
ttis buffer pH 8.2/ sheared with 0.1 N sodium hydroxide 
was denatured by boiling for 10 minutes and quick 
cooling in an ice bath. Biotinyl-1 .6-diaminohexane 
amide (2 mg. 6 umol) oc polybiotinylated poly-L-lysine 
(2 mg) and l-ethyl-3-diisopropylaminocarbolmide HCl (10 
mg, 64 umol) were added, and the pH readjusted to 8.2. 
After 24 hours at room temperature in the dark, the 
mixture was dialyzed against 10 mM trls buffered saline. 
DNA was precipitated ethanol. 

EXAMPLE VI 

Biotin. conjugated to cytochrome C, was prepared by the 
following procedure. To a solution of cytochrome C (10 
mg) in 1 ml of 0.1 M sodium borate. pH 8.5 was added . 
blotinyl-N-hydroxysuccinimide ester (10 mg , 29 umol) in 
1 ml dimethyl formamide. After 4 hours at room tempera- 
ture, the biotinylated protein was purified by gel 
filtration chromatography through a Sephadex G-50 column. 



EXAMPLE VII 



Focmaldehyde coupling of cytochrome C-biotin and 
polybiotinylated poly-L-lysine to oligodeoxytibonucleo- 
tides were carried out using a method similar to that 
described by Manning et al . Chromosoma , 53, 107 (1975). 
Oligodeoxyribonucleotide fragments obtained by sodium 
hydroxide shearing of purified DNA (100 ug/ml in 10 mM 
triethanolamine, pH 7.8 were denatured by boiling for 10 
minutes followed by quick cooling in ice. Cytochrome C- 
biotin 0.05 g ml or polybiotinylated poly-L-lysine 
solution (0.05 ml) dissolved 3 mg/ml in 10 mM triethan- 
olamine. pH 7.8 was added to 1 ml at the denatured 
oligodeoxyribonucleotide solution along with 0.1 ml of 
6% formaldehyde in 10 mM triethanolamine. pH 7.8. After 
stirring at 40° for 30 minutes the mixture was dialyzed 
against the same buffer. The oligodeoxyr ibonucleotide- 
biotin complex was finally purified by gel filtration 
chromatography on Sephadex G-lOO followed by precipita- 
tion from ethanol. 



EXAMPLE VIII 



Double stranded polydeoxyadenyllc acid tpolybiotinylated 
deoxyur idylic acid was synthesized as follows. The 
double stranded oligonucleotide polydeoxyadenyllc 
acid : poly thymidylic acid (20 ug) of length 300 basic 
pairs, dissolved in 200 ul exonuclease III buffer 
consisting of Tris-HCl pH 8.0 (70 mM) ; magnesium 
chloride (1.0 mM) and d ithlothrei tol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at 20°C. The partially digested oligonucleotide was 
immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCl pH 7.6 and incubated at 20^C, for 2 hours in a 
reaction containing 2' — deoxy- adenosine-5 * -triphosphate 
(15 uM) thymidine-5 ' -triphosphate (the amount determines 
the degree of substitution) and biotinylated 5-(3-amino- 
1-propene) 2 ' -deoxyur idine-5 * -triphosphate (5 uM) , 
Klenow DNA polymerase I (200 units) dissolved in 0.1 mM^ 
potassium phosphate, pH 8.0 at a concentration of 0.2 
units/ul. The biotinylated poly dA:poly dT, biotinyl dU 
was purified by gel filtration chromatography on 
Sephadex G-100. The DNA was enthanol precipitated and 
redissolved in 20 ul of solution containing sodium 
acetate pH 4.6 (30 mM) , sodium chloride (50 mM) , zinc 
sulfate (1 mM) and glycerol (5%) . Si nuclease (200 units) 
was added, and the reaction was incubated at 37*^ for 10 
minutes. The reaction was stopped with 1 ml ammonium 
acetate (4 M) and 6 ml ethanol. The DNA was repurified 
by G-100 gel filtration chromatography and ethanol 
precipitation. 



EXAMPLE IX 



Ligation of poly dAipoly dT, biotlnyl du to ollgodeoxy- 
ribonucleotides was accomplished as follows; DNA 
fragments from alkali sheared purified DNA (as described 
in Example VIII) were digested with Si nuclease and 
cepurifled by phenol extraction and ethanol precipita- 
tion. Blunt ended DMA fragments (1 ug) and poly dAipoly 
dT, biotinyl dU (2 ug) were dissolved in 6 ul at a 
buffer containing tris-HCl pH 7.4 (66 mM) , magnesium 
chloride (6.6 mM) , adenosine triphosphate (24 mM) and 
dithiothreitol (l.OmM), T4 DNA ligase (50 units) was 
added, and the volume brought to 20 ul with water. The 
reaction was incubated 3 hours at 37^0. The DNA was 
purified by gel filtration chromatography through 
Sephadex G-lOO and was ethanol precipitated, 

EXAfiPLE X 

S-Hydroxymethyl-2'-deoxycytidylic acid was prepared by 
enzymatic hydrolysis of non glycosylated phage T4 DNA." 
Purified phage DNA (2 mg) , dissolved in 1 ml 50 mM tris 
pH 7.4 and 10 mM magnesium chloride, was incubated '20 
hours with deoxyr ibonuclease I at 37°. The pH was 
adjusted to 9.0 and sodium chloride (20 mM) added. 
Snake venom phosphodiesterase (0*05 g units in 0.5 ml 
water) was added and . incubation continued at 37^ for 5 
hours. An additional 0.05 units phosphodiesterase was 
added and incubation continued 18 hours. Nucleotides 
were separated by gel filtration chromatography through 
Sephadex G-50. 5-hydroxymethyl"2 ' -deoxycytidyl ic acid 
wag purified by reverse phase high pressure li,quid 
chromatography. 



EXAMPLE XI 



5-(4-aminobutylaininomethyl)-2'-deoxyuridylic acid was 
obtained by enzymatic hydrolysis of DNA from phage 0W- 
14. The phage was grown on Pseudomonas acidovorans 29 
according to Kropinski and Warren, Gen. Virol. 6, 85 
(1970), and the phage DNA purified according to Kropins 
et al, Biochem. 12, 151 (1973). The DNA was 
enzymatically hydrolyzed with deoxyr ibonuclease I and 
snake venom phosphodiesterase using the procedure 
described elsewhere (Example X). 5- (4-aminobutylamino 
methyl) -2 '-deoxyur idyl ic acid was purified by reverse 
phase high-pressure liquid chromatography. 



EXAMPLE XII 

Biotinylated-5-(4-aminobutylaminomethyl) -2'-deoxy- 
uridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester (70 mg 0.2 m mol) dissolved in 
1 ml dimethylformamide was added to 5- (4-aminobutyl- 
aminomethyl)-2*-deoxyuridylic acid in 20 ml 0*1 M sodium 
borate pH 8.5. After 4 hours the solution was concen- 
trated to 0.5 ml by evaporation, and the biotinylated 
nucleotide was purified by reverse phase high pressure 
liquid chromatography. 



EXAMPLE XIII 



5-formyl-2'-cleoxyuridine prepared according to Mertes 
and Shipchandler, Heterocyclic Chem. 1, 751 (1970). 
5-hydroxymethylurioil (1 mmol) dissolved In 20 ml 
dimethylsulfonate was heated at IOQOC. with manganese 
dioxide (2.5 mmol) for 15 minutes. The solvent was 
evaporated at reduced pressure. The residue was taken 
up in hot ethanol and recrystallized from ethanol to 
yield 5-formyluracil , 5-Eormyluracil (0.10 g) was 
silylated and dissolved in dry acetonitrile (2.5 ml), 2- 
deoxy-3,5-di-0-p-toluyl-D-rlbofuranosyl chloride (Bhat, 
Syn. Proc. in tlucleic Acid Chem. , Vol. I, p. 521 (1968) 
(0.22 g) and molecular sieves (0.2 g) were added, and 
the mixture stirred at 250C. for 40 hours under 
anhydrous conditions. The mixture was filtered and 
evaporated. The resulting oil was treated with 
anhydrous ethanol (2 ml) and chromatographed on silica 
gel to obtain the partially pure anomer which was re- 
crystallized from ethanol (M.P. 195-1960C.) The toluyl 
groups were removed by reaction of the product in 
methanol benzene with sodium methoxide. The mixture was 
neutralized with Dowex 50 (H+) . 5-formyl-2 • -deoxyur idine 
was recrystallized from ethanol M.P. 175-1760C. 



EXAMPLE XIV 



Biotin was coupled to 5-formyl-2 '-deoxyur idine as follows: 
To 5-formyl-2 '-deoxyur idine <.320 1.0 mmol) dissolved 
in 300 ml 0.05 M sodium borate, was added biotinyl-1 r 6- 
diaminohexane amide (0.74 2 mmol) . After stirring 
one hour, sodium borohydride (0.2 g, 5 mmol) was added 
and stirring continued for an additional 4 hours 
followed by the addition of 8 ml IM formic acid. The 
biotinated compound was purified by reverse phage HPLC 
eluting with methanoltO.S M triethyl ammonium acetate, 
pH 4 . 0 . 

EXAMPLE XV 

Biotin was coupled to 5-amino-2 • -deoxyur idine as follows; 
5-amino-2*-deoxyuridine (0.24 g,^^! mmol), biotin (0.25 
g, 1 mmol) and dicyclohexylcarbcj^imide (0.21 g, 1 mmol) 
were dissolved in dry dimethyl formamide and stirred at 
room temperature overnight. After filtration 
and evaporation of the solvent, the residue was washed with 
ether. The biotin-coupled product was purified by 
reverse phase high pressure liquid chromotography using 
a water methanol gradient. 
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EX AMPLE XVI 

5- (oxy) acetic acid-2 ' -deoxyur idine was prepared according 
to a procedure of Deschamps and DeClerq, Med, Chem. , 
21, 228 (1978). 5-hydroxy-2-deoxyur idine (282 mg , 1.15 
mmol) was dissolved in 1.16 ml, IN potassium hydroxide 
(1.16 mmol) after which iodoacetic acid (603 mg, 3.4 
mmol) in 1 ml water was added. After reaction at room 
temperature for 48 hours IN HCl (1.06 ml) was added. 
Concentration of this solution and addition of ethanol 
yielded a precipitate which was filtered, washed with 
cold ethanol and recrystallized from hot ethanol. 

EXAMPLE XVII 

Biotinyl-1, 6-diaminohexane amide was coupled to 5-(oxy) 
acetic acid-2 * -deoxyur idine as follows; Biotinyl-1 , 5- 
diaminohexane amide (0.74 q, 0.2 mmol), 5- (oxy) acetic 
acid-2 *Tdeoxyur idine (0.60 g, 0.2 mmol) and di - cy g lo ■ 
^ h ^xylt i a g boimido (0.41 g, 0.2 mmol) were dissolved in 5 
ml dry dimethylformamlde and remained overnight at room 
temperature. The reaction was subsequently filtered and 
the solvent removed by evaporation. The residue was 
washed with().lN HCl and ether. The biotinated uridine 
derivative was purified by reverse phase high pressure 
liquid chromatography using a water-methanol gradient. 




EXAMPLE XVIII 



Phosphorylation of 5-substi tuted pyrimidine nucleosides 
was accomplished by the general procedure described 
below for biotinated-5- (oxy) acetic acid-2 ' -deoxyur idine . 
The nucleoJKide (0.16 g, 0.5 mmol ) was dried by repeated 
evaporation from dry pyridine and redissolved in 10 ml 
dry pyridine. Monomethoxytr ityl chloride (0.30 g, 0.8 
mmol) was added and the mixture stirred at room 
temperature in the dark for 18 hours. The solution was 
diluted with chloroform (200 ml) and extracted with 0.1 
M sodium bicarbonate. The organic layer was dried and 
evaporated. The tritylated nucleoside was redissolved 
in dry pyridine (20 ml) and acetylated by reaction at 
room temperature with acetic anhydride (0,1 ml, 20 
mmol). The mixture was cooled to 4^0. and methanol (40 
ml) added. After stirring 10 hours at room temperature, 
the reaction was concentrated by evaporation. The 
compound was detritylated by dissolving in 1% benzene 
sulfonic acid in chloroform (20 ml). After evaporation 
of solvent the nucleoside was purified by chromatography 
on silica gel eluting with 2% methanol :chloroform. The 
3 ' -acetylated nucleoside was dried by repeated evapora- 
tion of dry pyridine. A mixture of phos^ho^^^ " ^ 
oxychloride (100 ul , 1 mmol ) , ^(I'^Ilf 1 , 2 ! 4^t idzuic _ . 
(140 mg, 2.2 mmol) and tr iethylamine (260 ul, 2.0 mmol) 
was stirred in 5 ml anhydrous dioxane at 10^-1,5^0. for 
30 minutes and at room temperature for 1 hour. This was 
added to the 3 ' -ace tylated nucleoside, and the mixture 
stirred at room temperature for 1 hour after which it 
was cooled to 0*^C. Water (5 ml) was added and the 
reaction stirred at room temperature for 18 hours. 
Barium chloride (100 mg, 5 mmol) was added and the 
barium salt of the nucleotide collected by filtration. 
The salt was washed with water and ether. The barium 
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salt was converted to the sodium salt by stirring with 
Dowex 50 (Na+ form) in 10 ml water for 4 hours at room 
temperature, 2 N sodium hydroxide (2N, 10 ml) was 
added and the reaction stirred for 15 minutes at room 
temperature after which it was neutralized by addition 
of excess Dowex 50 (H+) form. The deacetylated 
nucleotide was concentrated by evaporation and purified 
by reverse phase high-pressure chromatography. 

EXAMPLE XIX 

5-substituted pyrimidine triphosphates were chemically 
prepared from their respective 5* monophosphates using a 
procedure of Michelson/ Biochem Blophys Acta, 91, 1, 
(1964). The example of 5-hydroxymethyl-2 * -deoxycytidine- 
5' -triphosphate will be given. The others were similarly 
prepared. 5-hydroxymethyl-2 ' deoxycytidylic acid (free 
acid) (0.63 g, 0.2 mmol) was converted to its tri-n- 
octylammonium salt by suspending in methanol and 
addition of tri-n- octylammonium hydroxide (0.74 g, 0.2 
mmol) • The suspension was refluxed until a clear 
solution was obtained and the solvent removed under 
vacuum. The salt was dried by dissolution in and . 
subsequent evaporation from dry pyridine several times. 
To the salt, dissolved in dry dimeth'ylformamide (0.1 ml) 
and dloxane (1 ml) was added diphenylphosphochlor idate 
(0.1 ml) and tr i-n-butylamine (0.2 ml). After 25 hours 
at room temperature, solvent was removed and ether was 
added to precipitate the nucleoside-5 '-diphenylpyro- 
phosphate. This was dissolved in dioxane (0.5 ml) and a 
solution of di ( tr i-n-butylammonium) pyrophosphate (0.5 
mmol) in 1 ml pyridine was added. After 45 minutes at 
room temperature, the mixture was conentrated under 




vacuum to a small volume. The crude product was 
precipitated with ether. This was dissolved in 0.1 M 
phosphate buffer pH 8.0. The tr isphosphate was purified 
by chromatography on DEAE cellulose eluting with a 
gradient of 0.1 to 0.6 M tr iethylammonium bicarbonate ph 
7,5. 

EXAMPLE XX 

DNA was labeled with 5-substituted pyrimidine triphos- 
phates by nick translating DNA in the presence of the 
appropriate triphosphate. An example follows for 
labeling purified DNA with blotinylated 5-formyl-2'- 
deoxyur idine . DNA (20 ug/ml) was incubated at 14*^C. in 
the presence of magnesium chloride (5 mM) 2 ' -deoxy- 
cytidine-5 * -tr iphosphate (15 mM) , 2'deoxyadenosine-5 * - 
triphosphate (15 uM) ^ 2 *-deoxyguanosine-5 '-tr iphsophate 
(15 uM) , blotlnylated-5-formyl-2*-deoxyuridine-5*-tri- 
phosphase (20 uM) , activated pancreatic deoxyr ibonucle- 
ase I (13 mg/ml) , E^ coli deoxyr ibonuclease acid, 
polymerase I (40 units/ml) and tris HCL, pH 7.4 (50 mM) . 
After 2 hours the reaction was stopped by addition of 
0.3 M EDTA (.05 ml) followed by heating at 65° for 5 
minutes. Labeled oligonucleotide was purified by gel 
filtration chromatography through Sephadex G-lOO and 
precipitation from cold ethanol. 



EXAMPLE XXI 

PRECIPITATION OF GLUCOSYLATED DNA 
BY CONCANAVALIM A . 

Reaction mixtures (1.0 ml) were prepared in 1.5 ml 

eppendorf tubes as follows; 

Sodium potassium phosphate, pH 6,5 lOmM 
NaCl ISOmM 
MgS04 5mM 
CaCl2 

DNA (T4 of calf thymus) 50ug 
Cancanavalin A (10 mg/ml) 50-500 ug 

Reactions were started by the addition of concanavalin A 
(Con A) . The solutions were mixed and left at room 
temperature for 60 minutes. The tubes were centrifuged 
at 1200 g for 15-20 minutes. The super natants were 
diluted and the A26O measured. 

Since Con A absorbs at 260 nanometers, control solutions 
lacking DNA but containing Con A were prepared. The Con 
A absorbance was substracted from the absorbence 
obtained in the complete reaction mixtures. 



The results of this reaction are presented In accompany- 
ing Figure 1. 



EXAMPLE XXII 



BINDING OF GLUCOSYLATED DNA 
TO CONCANAVALIN A 

Phage T4 DNA and phage . DNA were labeled by incorpor- 
ation of H-^-deoxyadenosine triphosphate into the DNA by 
nick translation according to the Rigby et al procedure. 
T4 DNA was nick translated to a specific activity of 
SxlO^cpm/microgram and an average double- standed size 
of 5 kilobases. Lambda DNA was nick translation to a • 
specific activity of SxlO^cpm/microgram and an average, 
double stranded size of 6.0 kilobases as determined by 
agarose gel electrophoresis. Unincorporated nucleotide^ 
were removed from the reaction mixtures by Bio-Gel P-60 
chromatography. 

Con A sepharose was prepared as described by the 
manufacturer (Pharmacia) • One ml of settled gel 
contained 18 mg of bound Con A. One ml columns were 
prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0,15 M NaCl ; ,01 M sodium 
potassium phosphate, pH 6.5), 

H^-DNA samples were prepared in 0,5 ml of buffer (as 
described in Example XXI but without Con A) . T4 DNA 
solutions contained 176,000 cpm/0.5 ml, and DNA 
solutions contained 108,000 cp./0,5 ml, A 0.5 ml sample 
was applied to the column. 

A 10.5 ml volume of buffer was passed through the 
column, and the eluate fractions (0,33 m) were collected 
arid counted in a Beckman LSC-lOO scintillation counter 
in a 3.5 ml reafluor cocktail (Beckman). The results 



(Figures 2A and 2B) show that non-glucosylated DMA was 
not bound whereas glucosylated T4 DMA was bound to the 
column* The bound T4 DNA was removed by washing the 
column with a higher pH buffer (Tris-HCl, pH 7.2 - 8.2), 

Furthermore, consistent with the interaction of glucose 
and Con A, mannose, when included in the buffer in which 
the DNA is applied to the column, prevents binding of 
glucosylated DNA to Con A sepharose. Also, mannose- 
containing buffer (PBS-containing 0,056 M mannose) 
removes bound T4 DNA from Con A sepharose (Figures 3A 
and 3B) . 

Further illustrative of the practices of this invention 
directed to nonradioactive methods or techniques of 
assaying for specific nucleic acids, the following 
example deals with the use of the sugar-lectin system. 
This example deals with the use of DNA which is not 
glycosylated in nature but rather has had a maltotriose 
group added thereto by way of nick translation described 
herein. The maltotriose modified dUTP and DNA modified 
therewith bind specifically to a column of concanvalin A 
covalently bound to sepharose. By this technique and in 
accordance with the practices of this invention, there ^ 
is provided a means for specifically labeling any 
nucleic acid with -sugars. As previously indicated 
herein, nick translation is only one of a number of 
techniques and approaches possible for the production of 
the modified nucleic acids in accordance with this 
invention. 



EXAMPLE XXIII 



Lambda DNA was nick translated as described herein with 
maltotriose coupled to 5-(3-amlno-l-propenyl)-2'-deoxy- 
uridine-5' triphosphate and 3h-2 ' -deoxyadenosine-5 * - 
triphosphate. Under these conditions DNA was 
substituted to 40 per cent of its thymidine residues 
.with the maltotriose nucleotide and had a specific 
activity of 8x10^ counts per minute (cpm) per microgram 
of DNA- A control sample of DMA substituted' only with 
3H-dATP had a specific activity of 6xlo5 cpm per 
microgram DNA. The nick translated DNA samples were 
purified free of reaction mixture components by Biogel 
P-60 chromatography as described herein. 

The purified samples were applied to Con A-sepharose 
columns as described in Figures 2A and 2B. The malto- 
triose-labeled DNA was retained on the column when 
washed with PBS but was removed by subsequent elution 
with lOmM Tris-HCl, pH 8,2 (Figure 4A) . The unsub- 
stituted tritiated DNA did not bind to the column at pH 
7.4 (Figure 48) . 
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EXAMPLE XXIV 

Potentially immunogenic heptenes may be introduced at 
the 5 position of uridine by a variety of methods in the 
literature, 5- (perf luorobutyl) -2 * -deoxyur idine was 
synthesized using a method of Cech et al , Nucl . ftcids 
Res. 2, 2183 (1979) . Copper-bronze was prepared by 
reacting copper sulfite (5 g, 20 mmol) with zinc powder 
(2 g) in 20 ml water. The mixture was decanted, and the 
residue washed with water and then 51 hydrochloric acid 
and water. Just before use, the solid (2 g) was 
activated with 2% iodine in acetone (20 ml). After 
filtration the residue was washed with ace tone: concen- 
trated hydrochloric acid and then pure acetone. 
Activated copper- bronze (130 mg, 2 mmol) and 
1-iodo-l* ,2,2' ,3,3\4,4'heptafluorobutane (1.3 mg , 4 
mmol) were stirred in 3 ml dimethylsulf oxide at llO^C. 
for 1 hour. After cooling and filtration, 
2 '-deoxyur idine (245 mg, Immol) was added, and the 
mixture heated at llO^C. for 1 hour* Water (5 ml) was 
added, and the mixture extracted with ether. The ether 
extracts were dried and evaporated under reduced 
pressure. The residue was chroraatographed on a silica 
gel column eluting with ethylacetate . 

EXAMPLE XXV 

Tubericydln was substituted at the 5 position by 
derivitizing the 5-cyano compound, toyocaraycin. An 
example is the synthesis of 4-amino-5 ( tetrazol ) -5- 
y 1 ) -7- (B-D-r ibof ur anosyl ) pyr rolo [ 2 , 3-d ) pyr imidine 
using a procedure of Schram and Townsend, Carbohydrate , 
Nucleosides ;Nucleotides 1, 38 (1974). Toyocamycin (1.0 
g) dissolved in water (100 ml) and glacial acetic acid 
(13 ml) was heated to reflux. Sodium azide (7.5 g) was 
added in 1.25 g portions over 10 hours. The solution 
was cooled to 5^C. and the precipitated product collected, 
M.P. 276-2770C. 




EXAMPLE XXVI 



5-Cyano-2 ' -deoxyur idine was prepared according to 
Bleckley et al , Nucl> Acids Res. 2, 683 (1975). 5-lodo- 
2 * -deoxyur idine (1.0 g, 2.82 mmol ) was dissolved in 
refluxing hexame thyld is il izane (HMDS) (10 ml). Excess 
HMDS was removed at reduced pressure, and the resulting 
oil was dissolved in dry pyridine (50 ml). Cuprous 
cyanide (350 mg, 3.8 mmol) was added, and the solution 
heated at 160°C. for 20 hours. Pyridine was removed at 
reduced pressure, and the residue extracted into toluene 
which was subsequently evaporated. The residue was 
heated in 50% aqueous ethanol at 100^ for 2 hours. The 
product was purified by reverse-phase high pressure 
liquid chromatography and recrystallized from ethanol, 
M.P. 161<^C. 

EXAMPLE XXVII 

4-amino-5-amino me thylene-7- (/J-D-2-deoxyf uranosyl ) 
pyrrolo{2,3-dlpyrimidine dihydrochlor ide was obtained as 
follows, 4-amino-5-cyano-7- (/5-D-2-deoxyf ur anosyl ) 
pyrrolo{2,3-d)pyrimidine (Toyocamycin) (0.2 g) was 
dissolved in hydrochloric acid (10 ml). 10% palladium 
on charcoal (0.1 g) was added as the mixture hydrogen- 
ated at 40 psi for 5 hours at room temperature. After 
filtration the water* was evaporated at reduced pressure. 
The residue was triturated with ethanol, and the product 
recrystallized from 50% ethanol. 
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EXAMPLE XXVIII 

5-amino-2 '-deoxyur idine was prepared from 5-bromo-2*- 
deoxyuridine according to the procedure of Roberts and 
Visser, Am. Chem. Soc. 14:665-669 (1952). 5-bromo- 
2 ' -deoxyur idlne (2g, 6,2 mmol ) dissolved in liquid 
ammonia (20 ml) was scaled in a glass tube and heated 
at 50^ for 5 days. The tube was opened, and the ammonia 
was evaporated* 5-amino-2 * -deoxyur idine was recrystall ized 
from 5 ml water and 75 ml hot isopropyl alcohol, 

EXA14PLE XXIX 

5- (methylamino) -2 '-deoxyur idine (0.2 g) was prepared as 

follows. 5-cyano-2 ' -deoxyur idine (0.2 g, 0.05 mol ) was 

dissolved in 1 N hydrochloric acid (10 ml). 10% 

palladium on charcoal (0.1 g) was added, and the mixture 

hydrogenated at 40 p.s.i. for 10 hours at room tempera- 

> 

ture. The mixture was filtered and the water evaporated 
at reduced pressure. The residue was triturated with 
ether, and the product was r ecrystallized from 80% 
ethanol . 

EXAMPLE XXX . - 

Maltose triose was oxidized to the corresponding 
carboxylic acid by the following method. Maltose triose 
(0.5 g, 0.94 mmol) was dissolved in water (5 ml). Lead 
carbonate (0.42 g, 1.1 mmol) and bromine (0,17 ml), 3.3 
mmol) were added, and the mixture was allowed to react 
at room temperature for six days after which no reducing 
sugar remained. The mixture was filtered, and silver 
carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elution through Dowex 50 (H"*" 
form) . Evaporation of water and drying in the presence 
of phosphorus pentoxide yielded the desired product. 






• .51 
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EXAMPLE )(XXI 

Maltose triose was coupled to 5- (3-amino-l-pcopenyl) - 
2 '-deoxyuridine-5 ' triphosphate by the following 
procedure. Oxidized maltose triose (190 mg , 0.18 mmol) 
was dissolved in dimethyl formamide (0.8 ml) and cooled 
to 40c. Isobutyl chloroformate (25 mg, 0.18 minol) and 
tri-n-butylamine (43 ul, 0.38 mmol) were added, and the 
solution allowed to react at 4^0. for 15 minutes. 5-(3- 
amino-l-propenyl) -2 '-deoxyuridine-5 '-triphosphate (9*0 
umol) , dissolved in dimethyl formamide (1.2 ml) and 0.1 
M sodium borate and cooled to 4*^C., was added to the 
above solution. The mixture was incubated at 4^0. for 1 
hour and at room temperature for 18 hours.' It was then 
loaded on a DEAE-cellulose column and eluted with a 
gradient of 0.1 to 0.6 M tr iethylammonium bicarbonate, 
pH 7.5. The product was finally purified by reverse 
phase high pressure liquid chromatography. 

Following are Examples XXXII and XXXIII. Example XXXII 
is a method of tagging allylamine modified dUTP with, si 
fluorescein substituent. Thi's is an example of creation 
of a self detecting nucleic acid probe. Example XXXIII 
is a method of labeling preformed double helical, nucleic 
acids at the position of guanine and the position 
of adenine. Example XXXVII has the detector molecule 
linked to the pro'be^ Chromosoma 84: 1-18 (1982) and 
Exp. Cell Res. 128:485-490, disclose end labeling of RNA 
with rhodamine* However, the procedure of this 
inventioh is less disruptive and labels internal nucleo- 
tides. 
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EXAMPLE XXXII 

Fluorescein was coupled to 5-.(3-amino-l-propyl) -2 *- 
deoxyiiridine-5 '-triphosphate (AA-dUTP) as follows. AA- 
dUTP (10 untol), dissolved in 2 ml sodium botate buffer 
(0,1 m) , pH 9.0, was added to fluorescein isothiocyanate 
(10 mg, 25 umol) dissolved in 1 ml dlmethylformamlde. 
After four hours at room temperature the mixture was 
loaded onto a DEAE-cellulose column equilibrated in 
triethylammonlum bicarbonate buffer, pH 7.5. The 
fluorescein coupled AA-dUTP was purified by elution with 
a gradient of from 0.1 to 0.6 m triethylammonlum 
bicarbonate, pH 7,5. 

EXAMPLE XXXIII 

DNA may be modified by reaction with chemical alkylating 
agents. Lambda DNA was alkylated in position of 
guanine and position of adenine by reacting DNA with 
aromatic hydrocarbon 7-bromomethylben2 (a) anthracene . 7- 
bromomethylben2(al anthracene was obtained as follows. J~ 
methyl [a) anthracene in carbon disulfide solution was. 
cooled in a freezing mixture and treated dropwise with a 
molar equivalent of bromine. After 30 minutes, the 
product in suspension was collected, and was washed with 
dry ether and recrystallized from benzene. The yield 
was 66% with melting point 190. 5-191. 5<^C, 

DNA, purified from phage Lambda, (1.6 mg) was solubil- 
ized in 5.0 ml of 20 mM potassium phosphate pH 6.5. To 
4.0 ml of DNA solution was added 500 micrograms 7- 
bromomethylbenzfal anthracene in dry acetone. After 30 
minutes at 20^, the DNA was precipitated with 'two 
volumes of cold ethanol. The precipitate was washed 
successively with ethanol, acetone and ether to remove 



any unbound 7-bcomomethylbenz (a) anthracene . Enzymatic 
hydrolysis of the DNA to nucleosides and subsequent 
chromatography of the products on Sephadex LH-20 
columns, indicated that 18% of the adenine and 48% of 
the guanine in DMA were modified in and positions, 
respectively , 

The modified DNA was made single stranded either by (1) 
heating to 100^ for 5 minutes and rapid cooling or (2) 
incubating with equal volume of 0 * 1 M NaOH for 10 
minutes and then dialyzing the solution for four hours 
against 1 ml tris-HCl pH 8.0 containing 0.5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 

A DNA probe was ligated to a synthetic DNA composed of 
repeated sequences of E^ coli lac operator DNA. After 
hybridization to detect antiprobe sequences, the 
hybridized DNA was detected by reaction with biotinyl- 
ated lac repressor which was, in turn, detected by an - 
enzyme linked immuno sprbent assay using goat antibiotin 
IGG to react with the biotin and a second antibody - 
coupled to horse radish peroxidase. The lac polyoperator 
DNA has been described by Caruthers (Second Annual 
Congress for Recombinant DNA Research, Los Angeles, 
1982), and it was ligated, in a blunt end ligation, 
using T4 ligase, to an adenovirus DNA probe. in situ 
hybridization of the polyoper ator-labeled probe DNA was 
carried out as described by Gerhard et al (Proc. Natl . 
Acad. Sci> USA, 78, 3755 (1981) • Biotinylated lac 
repressor was prepared as described by Manning et al 
(Ghrom o soma , S3, 107-117 (1075) and was applied to 
adenovirus infected cells, fixed to a glass slide, in 
Binding buffer composed of (0.01 MK CI, 0.01 M tris (pH 
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7.6), 0.01 M MgS04, lO'^ mEDTA, 10"^ M DTT. 5% DMSO 
(dimethyl sulfoxide) and 50 ug/ml bovine serum albumin 
by J. Miller, Experiments in Molecular Genetics , Cold 
Spring Harbor Laboratory (1972) . The slides were washed 
in binding buffer to remove unbound biotinylated lac 
repressor and then assayed for biotin using the horse 
radish peroxidase-linked double antibody procedure. 
This procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized 
repressor protein and then removed by elution with a 
specific inducer, for example, isopropyl thigalactoside 
or thiomethylgalactoside. The affinity of the 
repressor- operator complex is quite high 10"^^ M» V?hen 
a specific inducer binds to the repressor the operator- 
represser complex collapses, 

EXAMPLE XXXV 

5-Bromo-2'-deoxyuridine-5' -phosphate was prepared as 
follows: 2 '-Deoxyuridine-5* -phosphate (6.2 g) was sus- 
pended in a mixture of 60 ml pyridine and 30 ml acetic 
acid. Bromine (0.84 ml) was added with stirring in an 
ice water bath and stirring continued for 20 hours at 
room temperature. The solution was concentrated by 
vacuum. After redissolution in a minimum of water a 
crude product was p.recipi tated by addition of ethanol. 
The crude product was chromatographed on Dowex'SO (H*^) 
and eluted with water. The free acid product was 
precipitated from the concentrated eluent by addition of 
ethanol . 





EXAMPLE XXXVI 



Calf Intestine alkaline phosphate was biotinylated as 
follows; The enzyme (1 mg, 7.7 mmol) was chroma to- 
graphed on a G-50 column elating with 0.1 M Hepes buffer 
pH 8.0 containing 0.1 M sodium chloride. The pooled 
fractions were reacted with N-biotinyl-6-amino-caproic 
acid-N-hydroxysuccinimide ester (0.675 mg, 0.77 umol) 
dissolved in 10 ml diemthylfocmamide at room temperature 
for 1 hour. Sodium periodate (0.1 M 125 ul) was added 
and stirring continued for 2 hours. The mixture as 
dialyzed at 4^ overnight in 0.1 M, Hepes buffer pH 8.0 
with 0.1 M NaCl after which the pH was adjusted to 7.4. 
Biotin hydrazide (0.1 M, 0.5 ml) dissolved in 0,1 M 
Hepes buffer pH 7.4 and 0.1 M NaCl was added and the 
reaction stirred for 30 minutes at room temperature. The 
pH was adjusted to 8.0 with 0.2 M sodium carbonate and 
0.5 ml of freshly prepared 0,1 M sodium borohydride in 
water was added r the solution was dialyzed against 0.1 M 
tris buffer pH 8.0 with 0.1 M NaCl. 

EXAMPLE XXXVII 

6-Cyano-2*.-deoxyuridine-5' -phosphate was prepared' 
similarly to a procedure of Veder et al, J. Carbohydr. 
Nucleosides, Nucleotides ^ 5, 261 (1978). 5-bromo-2'- 
deoxyuridine-5* -phosphoric acid (2.0 g, 15 mmol.) dried 
by successive evaporation from pyridine was dissolved in 
50 ml dimethylsulf ide. Sodium cyanide (490 mg, 10 mmol) 
was added and the solution stirred at room temperature 
for 2 days. The solution was diluted with 400 ml water 
and the pH adjusted to 7.5. It was applied to ,a DEAE- 
cellulose column (HCO-3 form) washed with 2000 ml 0.02 M 
tr iethylammonium bicarbonate to yield the desired 
product. 



EXAMPLE XXXVIII 



6-(Methylamino) -2*-deoxyuridine-5'-phosphoric acid was 
prepared as follows: 6-Cyano-2 * -deoxyur idine-5 * - 
phosphoric acid (0,2 g, 60 ramol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g) , the mixture was hydrogenated at 40 psi 
for 20 hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyo- 
philized. The product residue was extracted with 
ethanol . 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 
distilled water was added to 1,0 ml freshly prepared 0.1 
M sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
4°C, against 1 mM sodium acetate pH 4.4. Biotin 
hydrazide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0,1 M 
Hepes buffer pH 7.4 with 0,1 M sodium chloride was 
brought to pH with 0,2 M sodium carbonate and 0.5 ml 
of a freshly prepared 0,1 M sodium borohydride solution 
in water was added. After 2 hours at 4^C, the protein 
was purified on a Sephadex G-50 column eluting with 0.1 
M Hepes and 0.1 M NaCl. 

EXAMPLE XL 

Carrot acid phosphatase has been mentioned by Brunngraber 
and Chargaff , J. Biol Chem. , (1967) 242, 4834-4840 as a 
byproduct of the purification of phosphotransferase and 
has been purified to a specific activity of 460' uM/mg/min 
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at 37^0. with paranitrophenylphosphate as the substrate. 
The purification involved the steps of (a) absorption of 
non-specific proteins by DEAE cellulose; (b) acid 
purification of the enzyme; (c) acetone fractionation? 
(d) concanvalin A affinity chromatography; (e) hydroxy- 
apatite chromatography and (f) Sephadex G-lOO fraction- 
ation* The specific activity of the enzyme subjected to 
the Sephadex G-lOO fractionation due to loss of activity 
in the preceding affinity chromatography step (d) was 
170 uM/mg/m, By changing elution conditions at step 
(d) , these losses can be avoided with the result that 
the specific activity of the enzyme before the Sephadex 
G-lOO fractionation can be improved to 340 uM/mg/m, The 
Sephadex G-lOO fractionation step should yield an enzyme 
having a specific activity of 800 uM/mg/m or higher. 
Carrot acid phosphatase was biotinylated using a 
procedure of Wilchek et al Biochemistry 6, 247 (1967). 
To the enzyme (20 mg) dissolved 0.1 M NaCl, pH 5, was 
added biotin hydrazide (2.0 mg, 7x10"?, .mmol) and 1- 
ethyl-3- (3-dlmethylaminopropyl) cagbodimidO' hydrochloride 

(1 mg, 7x10*3 mniol) dissolved in 0.1 M NaCl, pH 5. 
After 2 hours at 4*^C. the enzyme was chromatographed on 
Sephadex G-50 eluting with 0.1 M sodium acetate, pH 5.0, 
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0£ special importance and significance in the practices 
of this invention is the utilization of self -signaling 
or self -indicating or self -de tecting nucleic acids r 
particularly such nucleic acids which are capable of 
being incorporated in double-stranded DNA and the like. 
Such self-signaling or self -detecting nucleic acids can 
be created by eovalently attaching to an allylamine 
substituent making up a modified nucleotide in accord- 
ance with this invention a molecule which will chelate 
specific ions, e.g. heavy metals, rare earths, etc. 
In general r the chelated ion can be detected either (a) 
by radioactive emission or (b) by using the ion to 
catalyze a chromogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyclohexane 




to form 3,4-diamino bromo cyclohexane (dABCH) . This 
compound is reacted with halide (CI, Br, I) substituted 
carboxymethyl compound to produce a tetra carboxymethyl 
derivative or dABCH (TCM-dABCH)j 



if 
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^CHjCOO 

L JL .CH-COO 
2 ^CHjCOO 

The bromine is substituted by an amino group using 
soluble ammonia: 
I 

+ MH^'*'{liq) 





Then this compound is reacted with chloro thiophosgene 
to produce the isothiocyanate derivative of (TCM-dANCH) 
H. 



" :;a: : 

«2 



+CI2CS 




Finally, this compound is reacted with dOTP-allylamine 
derivative to produce modified dUTP. 



6) 



S-C«N 

dUTP-Allylamine + 




Hj ^CH2C00 
H H ^"^'^^^'^C'li COO 

duTP-Aiiyi-N - c- M- r 1 "-'2 



'"CH^COO 



cobalt or other heavy metal ions oc other rare earth 
ions can be chelated to the compound after step 3 above, 
or the nucleic acid can be substituted with this adduct 
and then the ion added. ' (Example, cobalt is added at pH 
6 where the binding constant is IQ-l^M) . 



m ■. -'I 

... i^f 
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Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
leuco form in the presence of molecular oxygen* It can 
be used to oxidze soluble sulfhydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in 
gels (for example^ sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a weak or strong 
or Remitter is needed, that isotope can be chelated. 
Examples of isotopes that can be used are listed immed- 
iately hereinafter. 
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An(lmony-t24 
Antimony- 12S 
Arsenlc-74 

6arfum-t33 
Barium- 140 
BorylHum-7 
Bl9muth-206 
Bfsmuth-207 

Cddmlum-109 

Cadmlum-tISm 

Catclum-45 

Carbon- 14 

Carlum-109 

C«rlum-141 

Cerium- 144 

C8sfum-134 

Caaium-137 

ChloHne-36 

Chromlum-31 

Cobalt-56 

Cobalt-57 

Cobaft-58 

Cobalt-60 

Erbium- 169 
Suroptum-152 

Gadolinium- 153 
Gold- 195 
Gold- 199 

Hafnium- 175 

Hafnlum-175+t81 

Harnlum-181 

Hydrogen-3 sea Tritium 



Iodine- 125 

lodlne-131 

todin9-132 

Iridium- 192 

lron-55 

lron-69 

Krypton-aS 

t0ad-21O 

Manganeae-S4 
Mercury- 197 
Mercury-203 
Molybdenum-99 

Neodymlum-147 
Neptunlum-237 
Nlckel-63 
Nlobium-95 

03mium-1fl5+191 

Palladium- 103 

P!atinum-195m 
Praseodymium* 1 43 
Promathlum-147 
PTOtactlnlum-233 

Radtum-226 
Rhenlum-186 
Rubtdlum-88 
Ruthenium- 103 
Ruthenlum-tOS 



Scandlum-44 

Scandlum-46 

Selenium-75 

Sllvar-IIOm 

Sllver-111 

Sodlum-22 

Slrontlum-86 

Strontlum*69 

Strontlum-90 

Sulphur-3S 

Tantalum-182 

T9chnetlum-99 

Tellurium- 125m' 

Tellurium- 132 

Terbium-160 

Thalllum-204 

Tborlum-228 

Thorium-232 

Thulium-170 

Tin- 11 3 

TUanlum-44 

Tritium 

Tungsten- 18S 

Vanadlum-48 
Vanadlum-49 

Ytterbium- 169 
Yttrium-88 
YUrlum-90 
Yltrium-91 

2Inc-65 , 
2irconium-95 



if.;, 
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Streptavidin, a protein produced by a Streptomyces 
avidinii is a large molecular weight component of a 
synergistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active 
against gram-negative microorganisms. It has been found 
that the small component of this antibiotic prevents de 
novo synthesis of the vitamin biotin and thus, at least 
in synthetic media, show antimicrobial activity. In 
complex medium, however, the large component has to be 
included to exert the same effect on bacteria* This has 
been shown to be due to the presence of external biotin 
in the complex medium. The large molecular component 
has been found to bind external biotin and thus demon- 
strating the same kind of action as avidin from eggs and 
oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 60,000 
dalton polypeptide. Like avidin, streptavidin contains 
four subunits and binds tightly four molecules o£ biotin. 
Unlike avidin, however, it is non-glycosylated and it 
has PI of 5.0 as compared to avidin with PI « 10.5. Due 
to the difference in pi streptavidin does not have a 
tendency to non-specif ically interact with DMA. 

PREPARATION OF STREPTAVIDIN 

A serai-synthetic medium containing salt, 1% ql*ucose, 
0.1% asparagine, 0.05% yeast extract and trace elements 
was prepared. The cultures were grown at 26^0. for 
three days. Mycellium was removed by centr ifugation and 
protein in the supernatant were absorbed to DEAE- 
cellulose in a batchwise process after pH was 'adjusted 
with IM HCl to 7.2. DEAE-cellulose v/as filtered off and 
washed with 20 mM Tris-HCl (pH 7.2) until no absorbancy 



at 280 nm was recorded. Streptavidln was eluted with 20 
mM Tris-HCl (pH 1.2) containing 0.5 M NaCl . Ammonium 
sulfate precipitation was used to further concentrate 
the streptavidin (50% w/v at 4^0 . 

The precipitate was dissolved in water and dialyzed 
against 1.0 M NaClr 50 mM Na2C03. In the next step 
affinity column chromatography on iminobiotin sepharose 
was used. Eluted streptavidin from iminobiotin 
sepharose column was shown to be chromatographically 
pure by non-denaturing agarose-gel electrophoresis. 

The final purification of streptavidin is accomplished 
by affinity purification through an iminobiotin-sepharose 
column. Iminobiotin is an analog of biotin in which the 
carbonyl of the urea moiety is substituted with an imine 
function. Iminobiotin will bind avidin and streptavidin 
at basic pH but the complex is dissociable at acidic pH. 

Iminobiotin is prepared from biotin in several steps. 
Biotin is hydrolyzed by barium hydroxide to cis-3r4- ^ 
diamino-2-tetrahydrothiophene-valerlc acid which is 
reacted with cyanogen bromide to iminobiotin. The' 
iminobiotin is coupled to amino sepharose via the 
N-hydroxysuccinimide ester of its hydrobromide salt. 

The crude protein mixture from DEAE eluted Stpeptomyces 
avidinii incubation media is dissolved in 50 mM sodium 
carbonate and 1.0 M sodium chloride (pH 11) and applied 
to an iminobiotin column pre-equilibrated with this 
solution. The column is eluted at pH 11. Streptavidin 
is subsequently eluted with 50 mM ammonium acetate, pH 
4.0 containing 0.5 M sodium chloride. The eluent is 
dialyzed three times against 1 mM Tris pH 7.4 and lyo- 
philized to dryness. 



In the practices of this invention avidin is useful 
as a detecting mechanism for labeled DNA, such as 
blotin-labeled DNA, However, avidin Itself, such at 
about neutral pH, complexes with DNA with the result 
that any signal derivable from a complex between biotin- 
labeled DNA and avidin might be lost or be non-detect- 
able in the background due to the complex formation 
between avidin and unlabeled DNA, This disadvantage of 
the use of avidin in the practices of this Invention is 
not possessed by streptavidin which does not form a 
complex with DNA at about neutral pH but is capable of 
forming a complex with the biotin portion of biotln- 
labeled DNA. ^ 

In another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled compounds 
other than DNA, avidin and streptavidin are particularly 
effective as detecting mechanisms for labeled proteins, 
polysaccharides and lipids. By way of example, one can 
fix to a solid matrix a specific antigen and bind to this 
antigen an antibody directed against this antigen which 
itself has been biotinylated . Then one can assay for' 
the presence of this biotinylated antibody by reacting 
it with avidin or streptavidin complexed with an enzyme » 
such as calf intestine alkaline phosphatase, or to which 
fluorescing molecule, as for example fluorescein has been 
linked. 

The use of the antigen-antibody system for detecting 
either antigen or antibody is well known. A comparable 
system is a system based on a glycosylated substrate or 
molecule and matching or appropriate lectin. In this 
system the lectin would carry a label, such as, fluoresce! 
or appropriate enzyme. In this glycosyl-lectin system 
the labeled lectin forms a complex with the glycosyl 



moiety, comparable to the antigen-antibody complex, 
and this complex comprising the glycosylated molecule 
and appropriate labeled lectin having the necessary 
glycosyl or sugar moiety specificity would then pcesent 
itself eliciting the expected response from the label 
portion of the labeled lectin making up the glycosyl- 
lectin complex. 

Another aspect of the practices of this invention which 
is particularly advantageous is to carry out the detec- 
tion or hybridization in* the liquid phase between the 
DNA sought to be detected and the DNA detecting probe. 
In this liquid phase system both the DNA molecule to be 
detected and the appropriate DNA detecting probe are not 
attached to any insoluble substrate or any insoluble 
chemical moiety. The advantages of the liquid phase 
detection system reside in the speed of hybridization 
or hybrid formation between the DNA to be detected and 
the appropriate DNA probe therefor. For example, in 
a solid-liquid system the time required to effect 
recognition and hybridization formation is about ten 
times greater than if it were carried out in a complete- 
ly liquid system, i.e. both DNA to be detected and the 
detecting DNA are not attached \t6 an inSOlUDlQ mOlBty. 

The probes prepared in accordance with the practices of 
this invention are adaptable for use in the detection 
of viruses and bacteria in fluids as indicated* herein- 
above. Where the fluids to be examined do not contain 
large amounts of protein, the viruses therein can be 
concentrated by absorption on hydroxyapatite and eluted 
in a small amount of phosphate buffer. When the fluid 
to be examined contains large amounts of protein, the 
viruses can be concentrated by high speed centr if ugation. 
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If antibody were available, absorption on an affinity 

column and elution with acid would be preferable because 

it would be possible to process many probes in accordance 

with the practices of this invention at the same time. 

The bacteria to be examined is usually readily concentrated by cer 

In accordance with the practices of this invention, the 
identification or characer ization of the isolated 
particles, viruses and bacteria, would be hybridization 
of the characterizing or identifying DMA thereof with a 
specific single stranded DNA probe prepared in accordance 
with the practices of this invention. After hybridi- 
zation, excess non-hybridized probe DNA would be digested 
with Bi nuclease and exonclease I from coli at high 
salt content to suppress the nicking activity of the 
nuclease, see Vogt, Methods in Enzymoloqy , Vol, 65, 
pages 248-255 (1980) • This nuclease treatment would 
produce mononucleotides from the excess, non-hybridized 
single-stranded DNA probe but would leave the double- 
stranded, hybridized DNA intact. This would then be 
absorbed at high salt content on Dowex anion exchanger 
(the nucleotides and the small amount of oligonucleo- 
tides will not bind to the resin in high salt conc.entra- 
tion) . The resulting hybridized DNA would then be 
identified or characterized by various procedures 
applicable to the practices of this invention. 



The special nucleoti^ 

0 ^x'^^&^SM^.^c 



signalling chemical moiety Sig covalently attached 

thereto, either to the Pr S or B rno iet^^ Folio w^gg.. are 

^ structural formulas of various base B moietiei;^nd 

nucleotides which are modified in accordance with the 
practices of this invention. 



f 
f 
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The major purines 
Adenine 
(6-aminoput ine) 
NH2 



Ml 



9C.V. 



Guanine 
(2-amino-6-oxypurine) 

O 
W 

HNi *^ C 



I II PH 



Two minor purines 

2-Methyladenine 

NH2 

I II «CH 
CH3-C43>C^3/ 

H 

The major pyrimidines 

Cytosine 
(2-oxy-4-aminopyr imidine) 
NH2 

N *» CH 



H 



1-Methylguanine 
0 

H 



Uracil 

( 2 , 4 -d ioxypy r imidine ) 
O 

H 



Thymine 

(5-methyl-2 ,4-dioxypyrimidine) 
0 



o=ci 



Two minor pyrimidines 
5-Methylcytosine 



H 



I II 

0=C^ .CH 

H 



II 



5-Hydroxymethy Icytosine 
NH^ 

>C-CH20H . 

I n 

H 
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PYRIMIDINE 
H 

N 3 5 ^ 

. la . 



PURINE 



»CH 



■^1 



The major ribonucleotides and deoxycibonucleotides. 



■ Ribonucleoside 
5 • - monophos pha te s 




2 '-Deoxyr ibonucleoside 
5 ' -monophosphates 



OH 



Base 



OH H 



General Structure 



General Structure 



Names 



Names 



Adenosine 5 '-phosphoric acid 
(adenylic acid? AMP) 

Guanos iiie 5 '-phosphoric acid 
. (^uanylic acidj GMP) 

Cytidlne 5 '-phosphor ic acid 
(cy tidy lie acidj OiP) 

Uridine 5 '-phosphoric acid 
(uridylic acid; UMP) 



Deoxy adenosine 5 '-phosphoric acid 

(deoxyadenylic acid? dAMP) 
Deoxyguanosine 5 '•'phosphoric acid 

(deocyguanylic acid? dGMP) 
Deoxycytidine 5 '-phosphoric acid 

(deoxycytidylic acid? dCMP) 
Deoxy thymidine 5 '-phosphoric acid 

(decKythymidyli9 acid? dTMP) 



M ■ 
I' 



I 
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The special nucleotides in accordance with this inven- 

Mi . ! B ^ moietlea, include a bhemical moiety Sig ^^gj^^^^^d-^ 

coavalently attached to the P, S and/or B mo?et'ies^ Of' 
special interest in accordance with the practices of 
this invention would be those nucleotides having the 
general formula, 

J[ ^ >rherein P^is th^ phost)horic acidmoiety including mono-, 

II ^ tri-, or tetraphosphat^v ^the sugar or monosaccharide 

jjPj; '"oiety, B the base moietj|^ a purine or a pyrlmldine* 

•{ Qp The phosphoric acid moiety P^ls a^t^^ at the 3* and/or 

] ^ the , 5' position of the S moietySwhen the nucleotide is 

a deoxyribonucleotide and at tl4 2 \ 3* and/or 5* position ^ 
when the nucleotide is a ribonucleotide. The base B moietv^ 
is Attached from the Nl posi^jin or the N9 position to th^ 
£p !• position of the S moietySwhen the base moiety is a 

pyrlmidine or a purine, selectively. The Sig moiety is 
^ovalently attached to the B moiety.^5f the nucleotide 
and I when so attached is capable of^kignalling itself or 
mak^s itself self-detecting dr its presence known and 
<ieslrably or preferably permits ^^^^^^7f:8£^?^^^^<'" of*the 
;| ^ resulting nucleotide P - S - B - kigfinto or ^o form a 

'i double-stranded helical DNA or RNA ot DNA-RKA hybrid 

/ and/or to be detectable thereon* 

■I ■ ■ 

[ Another special nucleotide in accordance with this 

:i invention is characterized by the general formula: 

i P - S - B 



Such nucleotides In accordance with this invention 

would be characterized a|L\ribonucleotides, The 
^phosphoric acid moiet^^/|l3 attached at^ the 2', 3 ' ag^^c, 
^ 5' position of the sugar S moiety^ncl the base Boeing ^ 

attached from the Ml position or ihfrf^ position to^e 
/J) 1* position of the sugar S moleti^when said base^Is a 

pyriraidine or a purine, respectively. The Sig chemical 



moiety is covalently attached to the sugar S moietv/anc 
S said Sig chemical moiety when attached to said S mole ty^^f.^^) 
is capable of signalling itself or making itself 
self-detecting or its presence known and preferably 
permits the Incorporation of. the ribonucleotide into 
its corresponding double- stranded RNA or a DNA-RNA 
hybrid. 

Sig 

g-^ Such nucleotides P - S - Bidesirably have the Sig 

chemical moiety attached to the C2' position ^f the S 
^ moiet^^^r the C3' position of the S moiety. 

Still further, nucleotides in accordance with the 
practices of this invention include the nucleotides 
having the formula, 

Sig 

^ (P\i) P - S • B 

^ yi wherein ?H^s the chosphoric acid moiety, S the sugar 
/ l^moietyS^nd B^xtrebase moi^^. In these special 
^ nucleotides the P moiety/'is att^|ied to the 3' and/or 
^ the 5' position of the "S^ moietyPwhen the nucleotide is 



deoxyribonucleotide and at the 2 * , 3' and/or 5* positi^ 
^ when the nucleotide is a ribonucleotide. The bas 



,^ -lis 
^ either a purine or a pyrimidine and the B moie't^^ 



attached f rom the Nl or the N9 position to the 1* 



position of the sugar moiety when said B moiet^is a 
pyrimidine or a purine, respectively • The Sig chemical 
moiety iaccovalently attached to the phosphoric acid P 
^ moietVAvia the chemical linkage v 

■ OH 



- P - 0 - Sig 
ff 

l^psaid Sig, when attached to said P moietyy^eing capable 
of signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and 
when so incorporated therein is still self- detecting. 

It is pointed out that the special nucleotides in 
accordance with the practices of this invention 
described or_def ined^hjxeinabove by the general formula 
^ P - S - B - Sig^ also in^ude nucleotides wherein the 

Sig chem^^l moiety is covalently attached to the B 
^ moiet^;^ or 6- amino group position when the B 

^ moiety.^ adenine or ^^^^ 2-amino group position 
^ when the B moiety^^*s^guanine or the or 4-amino group 
position when the B moiety is cytosine. The resulting 
nucleotides containing the Sig moiety attached thereto 
are capable of signalling themselves or making them- 
selves self-detecting or their presence known knd being 
detectable is a double-stranded or DNA, RNA or DNA-RNA 
hybrid. 



1 



(i: • I". 



MM 
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By way of summaryr as indicated hereinabove with 

■ 'i I 

respect to the make-up of the various special nucleo- 
tldes||jln accordance with this invention, the special 
nucleotides can^ described as camprislng a phosphor^s^ 
acid i^rrtoiety %^a sugar moiety sfand a base^nj(3^t" «^ 
purlnd or pyrimldlne, which combination o^ P-S-E 



ety^, ' a 

jQ-^ purlnd or py^rimldlne, which cofntlnation oFp-S^B^ls 

well Ijknown with respect to and defines nucleotides r 

both jjdeoxy ribonucleotides and ribonucleotides. The 

nucleotides are then modified in accordance with the 

practices of this invention by havinn covalently . j 

attac^ied thereto, t^L^^*^ P moletjj^nd/or the S moiety^^ 

^ and/,qr the B moietj^^achemical moiety Sig. l^^^kj ^<J[-t^iS)^^ ^ 

^chemical moiety Sig so attached to the nucleotide P-S-Bi 

is capable of rendering or making ±he^^^gu^ ting ^"^^ 

nuclebtlde, now comprising P-S-^yiwtth the Sig moiety 
' , 111 ' /\ 

. bein^i attached to one or more of the other moietiesr 

self-J^j3etectlng or signalling itself or capable of 

making its presence known per se, when incorporated 



j into j;a; polynucleotide, especially a double-stranded 
j polynucleotide, such as a double-stranded DMA, a 
double-stranded RNA or a double-stranded DNA-RMA 
hybrid. The Sig moiety desirably should not interfere 
with; 'the capability of the nucleotide to form a 
double-stranded polynucleotide containing the special 
Sig-Gontaining nucleotide in accordance with this 
inverjtion and, when so Incorporated therein, the Sig- 
containlng nucleotide is capable of detection,^ 
localization or observation. 



': * ' 
' t 



The Sig moiety employed in the make-up of the special 
nucleotides of this invention could comprise an enzyme 
or ertzymic material, such as alkaline phosphatase, 
ft glucose ox^^s^^^^^ 



^ fy nuclease. The Sig moiety could -also contain a 

fluotescing component, such as fluorescein or rhodamine 



oridansyl. If desired, the Sig moiety could include a 
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magnetic component associated or attached thereto, such 
as a magnetic oxide or magnetic iron oxide r which would 
make, the nucleotide or polynucleotide containing such a 
magnetic-containing Sig moiety detectable by magnetic 
means,' The Sig moiety might also include an electron 
dense component r such as ferritin, so as to be 
available by observation. The Sig moiety could also 
include a radioactive isotope component, such as 
radioactive cobalt, making the resulting nucleotide 
observable by radiation detecting means. The Sig 
moiety could also include a hapten component or per se 
be capable of complexing with an antibody specific 
thetetd. Most usefully, the Sig moiety is a 
polysaccharide or oligosaccharide or monosaccharide, 
which is capable of complexing with or being attached 
to a {sugar or polysaccharide binding protein, such as a 
lectin, e.g. Concanavilin A. The Sig component or 
moiety of the special nucleotides in accordance with 
this; invention could also include a chemiluminescent 
component. 

As indicated in accordance with the practices of this 
invent ion, the Sig component could comprise any 
chemical moiety which is attachable either directly or 
through a chemical linkage or linker arm ^o^^^g^ 

^nucleotide, such as to t^ie base B component^therein, or 
5 the sugar^P^omponent^herein, or the phosphoric acid P 

£^ component^thereof . 

The Sig component of. the nucleotides in accordance with 
this j invention and the nucleotides and polynucleotides 
incorporating the nucleotides of this invention 
containing the Sig component are equivalent to and 



i useful for the same purposes as the nucleotides 
! desdribed 



nil r;\b\\ 



Serial 



in the above- i^nty4e«^ 
1 NO. 255,22^. More specifically, the 



:a- 
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chemical moiety A described in U.S. patent application 
Serial No, 255,223 is functionally the equivalent of 
the Sig component or chemical moiety of the special 
nucleotides of this invention. Accordingly, the Sig 
component or chemical moiety of nucleotides of this 
invehtion ^ be^dj^r^^v cova^ej^^JJj^ attached to the P, 
S or B moietie^or attacfifeiQ^thereto via a chemical 
linkage or linkage arm as described in U,S. patent 
application Ser. No. 255,223, as Indicated by the 
dotted line connecting B and A of the nucleotides of 
U,S. Serial No. 255,223. The various linker arms or 
linkages identified in U.S. Ser, No. 255,223 are 
applicable to and useful in the preparation of the 
special nucleotides of this invention. 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of 
such nucleotides in the preparation of DNA or RNA 
probes. Such probes would contain a nucleotide 
sequence substantially matching the DNA or RNA sequence 
of genetic material to be located and/or identified. 
The probe ^ould contain one or more of the special ** . 
nucleotides of this invention. A probe having a 
desired nucleotide sequence, such as a single- stranded 
polynucleotide, either DNA or RNA probe, would then be 
brought into contact with DNA or RNA genetic material 
to be identified. .Upon the localization of the probe 
and the formation of a double-stranded polynucleotide 
containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed 
double-stranded DNA or RNA-containing material would 
then be observable and identified. A probe in 
accordance with this invention may contain su|3Stantial- 
ly any number of nucleotide units, from about 5 nucleo- 
tides up to about 500 or more, as may be required. It 
would appear that 12 matching, preferably consecutive. 
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nucleotide units would be sufficient to effect an 
identification of most of the DNA or RNA material to be 
investigated or identified^ if the 12 nucleotide 
sequence of the probe matches a corresponding 
cooperative sequence in the DNA or RNA material being 
investigated or to be identified. As indicated, such 
probes may contain one or more of the special 
Sig-containing nucleotides in accordance with this 
invention, preferably at least about one special 
nucleotide per 5-10 of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the 
incorporation of the special nucleotides of this inven- 
tion into DNA and related structures* One particularly 
useful technique referred to hereinabove involves the 
utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3' ends of a polypyr imidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the avidin 
would complex with the biotinated dUMP at the ends? of 
the DNA and be subsequently recovered. In accordance 
with the practices of this invention hybridization to 
mRNA could be accomplished in solution and the resulting 
hybrid recovered via a Sepharose-avidin column and the 
mRNA recovered therefrom. Similar techniques* could be 
employed to isolate DNA-RNA hybrids. This technique 
employing terminal transferase for the addition of the 
special nucleotides in accordance with this invention is 
widely applicable and the resulting modified nucleotides 
containing the special nucleotides in accordance with 
this invention including the special biotinated nucleo- 
tides or the special glycosylated nucleotides could be 
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selectively recovered via complexing with avidin upon a 
Sepharose-avidin column or complexing with a lectin, 
such as Concanavalin A or a Sepharose-Concanavalin A 
column, ^ 

Illustrative of the practices of this inventionr 
biotinated dUTP was added to the 3' ends of d(pTJ4 as well 
as single and double stranded DNA employing terminal 
transferase and the resulting product was purified through 
G-50 Sepharose and separated on a Sepharose-avidin affinity 
column. It was found that 69% of the d[pTl4 molecules 
were biotinated and recovered on the Sepharose-avidin 
column. The results of this experiment established that 
terminal transferase added biotinated dUMP to the 3' ends 
of a polypyr imidine. 
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The detection of nucleic acids to which specific 
molecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind. 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These 
nucleotides are then Incorporated into specific nucleic 
acids using a DNA or RNA polymerase or ligase reaction 
or a chemical linkage. After annealing this probe with 
a complementary antiprobe sequence^ the presence of the 
probe is assayed for by the specific binding of the 
protein to the ligand covalently bound to the probe. 

Examples of protein-ligand reactions that are 
appropriate foe this type of detector system include: 

1, Enzymes and allosteric effector or modulator 
molecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L-isoleucine, is different than the 
substrate, L-threonine, J. Monod, J. Wyman and J. P. 
Changeux (1965) ^ J. Mol, Biol. 12;88-118. 

2. Effector molecules involved in regulation, ' An 
example of this is the specific binding of 3*,5-cyclic 
adenosine monophosphate to the cyclic AMP receptor 
protein, I. Pastan and R. Perlman, Science 169i339-344 
(1969), Another example is the lactose repressor 
molecule and the inducer molecules isopropyl thiogalacto- 
side or thiomethylgalactoside . These two inducer 
molecules are called gratuitous inducers in that they 
are not metabolized by the enzymes they induce, W, 
Gilbert and B, Muller-Hill, Proc. Natl, Acad. Sci. (US), 
70:3581-3584, (1973). 
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3. Hormone receptors and other rec ptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the 
epinephrine-epinephrine receptor system in which 
epinephrine is bound in a ster iospecif ic manner with a 
high affinity to the receptor* With this system, since 
the receptor protein is insoluble in water, it will be 
imbedded in a lipid bilayer structure as for instance a 
liposome. Suitable detector systems would Include 
specific enzymes or fluorescent molecules inside or 
within the lipid bilayer. ' 

4* Specific llgand binding proteins included in the. 
transport of small molecules. An example of this is the 
peripiasmic binding proteins of bacteria which have been' 
shown to bind many amino acids, glucose, galactose, 
ribose and other sugars, Pardee, A. Science , 162:632- 
637, (1968); G. L. Hazelbaur, and J. Adler, Nature New 
Bio . 230: 101-104^ (1971). 

In the above-mentioned examples the ligand bound to the 
nucleic acid reacts with a naturally occurring protein. 
The specificity of this reaction resides in the 
llgand-binding site of the protein. 

One further example of small molecule interaction with 
naturally occurring proteins involves the specific 
binding of coenzynle or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavlne mononucleotide, flavine adenine 
dinucleotide, nicotinamide adenine dinucleotide, 
nicotinamide adenine dinucleotide phosphate, coenzyme A, 
pyridoxyl phosphate, blotin, tetrahydrof ol ic acid, 
coenzyme B12, lipoic and ascorbic acid. Many' of these 
molecules form covalent linkages with their apoenzymes. 
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However, somSf for example, coenzyme A, coenzyme B12 and 
tetrahydrof olic acid, associate in a non-covalent but 
specific manner with their cognate apoenzymes. A 
specific coenzyme-apoenzyrae system for use in this 
system is flavine adenine dlnucleotide (FAD) and flavlne 
adenine dlnucleotide reductase Isolated from Escherichia 
coli > With this system the binding of FAD is sufficiently 
strong to permit detection. 

The special nucleotides of this invention and poly- 
nucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides, DNA and/or 
RNAfc comprising the components, phosphor ic^^acld moiety 
w A^)^^^^^ or monosaccharide moiety the base moiety 

a purine or a pyrimldine, and the signalling or 
self-detecting moiety, Sig, covale^nt^^^tached to 
^either the P, S or B mole tie^^al^fndica ted hereinabove, 
have many uses and utilities. For example, the 
nucleotides of this invention and polynucleotides 
containing the nucleotides of this invention are useful 
as immune-stimulating agents, as adju^rants in vaccines, 
as agents for the stimulation or Induction from 
competent. cells, such as lymphocytes, for the production 



of dHT^m^flc^hefl, cytokines or cytoklnins^ interferdn or 
other cellular products. 



It is well known that double-stranded poly A:U is a 
stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly IjC is also known 
as a stimulator or Inducing agent for the production of 
Interferon. 

The advantage of polynucleotides, such as double-stranded 
polynucleotides incorporating one or more nucleotides in 
accordance with this invention is that, in effect, such 
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polynucleotldes would be more effective and more 
powerful inducing or stimulating agents for the 
production of interferon and related materials from 
cells. For example, nucleotides in accordance with this 
invention <^on^ini^^^^e^^p^e-des^^r^^ 
^ S, B and ^^9^ are^uita^fy pr'epar'ed so that the 

nucleotides and polynucleotides prepared therefrom are 
more resistant to nucleases. Similarly, such nucleo- 
tides and polynucleotides containing the same and 
suitably prepared which are more capable of contacting, 
stimulating and penetrating cellular surfaces or 
membranes, such as the cellular surfaces or membranes of 
lymphocytes and other cells so as to stimulate the same 
for the production of a desired cellular product, such 
as interferon. 

Particularly useful among those special nucleotides in 
accordancewith^^is invention having the formula P-S-B- 
Sigj^an^^speclally^seful are those wherein the Sig 
component is at the 5 position of the pyrimidine or the 
7 position of the purine or a deazapurine or the 
position of guanine or the position of adenine. Such 
nucleotides and polynucleotides incorporating the same, 
both single-stranded and double-stranded nucleotides, 
DNA and/or RNA are prepared in accordance with this 
invention to provide increased stability with respect to 
the double-stranded helix of DNA or RNA or DNA-RNA 
hybrid containing the same. Increased resistance to 
nucleases is also achievable as well as alterations or 
favorable changes in the hydrophobic' properties or 
electrical or charge properties of the nucleotides and 
polynucleotides containing the same. Also, nucleotides 
and polynucleotides in accordance with this irivention 
are prepared which, when administered to humans, have 



p. 
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reduced pyrogeniclty or exhibit less other whole body 
toxic responses. Additionally, the nucleotides and 
polynucleotides are prepared in accordance with this 
invention to provide a ligand, such as the component 
Sig, to which specific polypeptides can combine to 
create or bring about the formation of RNA complexes. 
It is seen therefore that the ""^^e^tides, of ^ia^^ 
£p invention include the P, S, B and Sig coi^onints^ 

^ moieties|-bp4n up or proVide a whole array of chemical 
agents -ftkving special biological effects including 
therapeutic effects and cytotoxic effects. 



The special nucleotides of this invention, including 
polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for 
the production of cellular materials or products, such 
as interferons, lymphokines and/or cytokines, are also 
useful for their chemotherapeutic effect and for the 
preparation of chemotherapeutic agents based thereon 
but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. \he moiety Sig 
attached to the special nucleotides of this invention 
gpcontalning the other moieties, or components P, Sr b]-^'^' 
provides a site per se for the attachment thereto, 4he 
Sig component, of special agents of known chemothera- 
peutic or cytotoxic effect. Such nucleotides ^could be 
introduced or administered to the subject being 
treated, e*g, human body or animal, so as to be 
incorporated into the DNA and/or RNA components of the 
body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to 
attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 
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The administration of the nucleotides and/or poly- 
nucleotides containing the nucleotides to the body, 
human body or animal , can be effected by a number of 
suitable means. Particularly effective would be the 
intravenous introduction to the body of preparations 
containing the nucleotides of this invention and a 
suitable physiologically acceptable carrier or the 
nucleotides could be administered subcutaneously , 
transdermally , or Intramuscularly or by direct intro- 
duction into the site where the chemotherapeutic or 
cytotoxic effect of the nucleotides is sought or 
desired to be* effective. Not only could desired 
chemotherapeutic or cytotoxic effects be achieved 
systemically or locally but also, as indi 
hereinabove, the special B and Sig- 

nucleotides of this invention, including polynucleo- 
tides containing such nucleotides, are useful as 
immune-stimulating agents and adjuvants therefor. 
Accordingly, vaccines containing the special nucleo- 
tides and polynucleotides in accordance with this 
invention can be prepared having improved effectiveness 
and versatility. 

Of special interest in the practices of this invention 
improved polynucleotides incorporating the special 
nucleotides of this invention are provided as inducers 
or stimulating agents for the production of interferon. 
Such polynucletoides would be single-stranded or 
double-stranded ribonucleotides, dsRNA, having the 
structures , 
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A A* A" A' • • * ' 
B B* B" B' • • 



or 



A A' A" A' 



where A and B are complementary base pairs, such as a 
purine^ a 7-deazapur ine or pyrimidine modified by the 
addition of an organic moiety Sig in accordance with 
the disclosures of this invention on the 5 position of 
the pyrimidine ring or the 7 position of the purine 
ring or the of guanine, or the of adenine or the N'^ 
of cytosine as described herein* The modifications of 
the polynucleotides at these positions lead to relatively 
undisruptive or non-disruptive double-stranded nucleic 
acid molecules as measured by rates of association and 
melting points. In the special polynucleotides o£ this 
invention employed as inducers of interferon and other 
cellular or humoral factors or components, such as 
lymphokines or cytokines, the following groups would be 
attached thereto as indicated by the formulas,. 



( ) ( ) 
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and/or 
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In the utilization of the special polynucleotides of 
this invention, such as the special dsRNA of this 
invention in the induction process for the production 
of interferon it has been demonstrated that DEAE- 
dextran facilitates this operation. It appears that 
since DEAE-dextran complexes with dsRNA and protects it 
for nuclease degradation, thereby enhancing interferon 
induction. It has also been noted that poly rCtrl is 
taken into cells more efficiently when complexed with 
DEAE-dextran. Accordingly in the practices of this 
invention the hydrophobic properties and the ionic or 
electron charge properties of the special dsRNA of this 
Invention are Important factors and capable of 
manipulation in the applicability of these materials to 
induce inteferon production. It has been observed 
that such conditions or factors which promote the 
induction of interferon also lead to and promote the 
induction of other cellular or humoral components, such 
as lymphokines and cytokines. It is apparent, 
therefore, that the special nucleotides of this 
invention act as immune modulators and stimulators of 
the immune response other than simply being effective 
as inducers of interferon production. Superior agents 
for the above in accordance with the practices of this 
invention would include nucleotides wherein the Sig 
moiety incorporates biotin or streptavidln or avidin. 

Poly rI:poly rC complexed poly L-lyslne exhib'its 
adjuvant properties and such properties are enhanced 
and improved in accordance with the practices of this 
invention when the poly rl and poly rC components are 
modified to include one or more of the special 
nucleotides in accordance with this invention. 
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The preparation of DMA probes in accordance with 
another aspect of this invention can be carried out in 
a manner which does not require the preparation or 
utilization of the special nucletoides described 
herein. For example ^ double-stranded DMA can be 
reacted with a carcinogen or alkylating agent. After 
the carcinogen has reacted with or alkylated the 
double-stranded DNA, the resulting modified DNA is 
melted to produce a DNA hybridizing probe containing 
the reaction product of the DNA and the carcinogen or 
alkylating agen.t. When thus-modified or reacted DNA is 
employed as a hybridizing probe, any resulting formed 
double helix or double-stranded DNA would be assayed or 
searched out by -means of a double antibody technique. 
The primary antibody would be an anti-carcinogen and 
the secondary antibody would be horser ad ish-peroxidase 
conjugated anti-peroxidase antibody. The advantage of 
this-'rechnique is that it would be easy to label the 
double-stranded DNA. This special approach is 
indidated hereinabove in the examples accompanying the 
description of this invention and is generally applica- 
ble for the preparation of DNA probes from double- 
stranded or double helical DNA. However, this 
procedure is a disruptive procedure involving the^ 
modification of the double hfelical deoxyr ibonucleotide 
polymer or DNA. 

In the description of the special nucleotides and 
modified DNA employed or developed in the practices of 
this invention, mention has been made of mono, oligo 
and polysaccharides. It is pointed out that derivatives 
of nionor oligo and polysaccharides are also useful in 
the preparation of the special nucleotides of *this 
invention. For example, it is possible to modify 
individual sugar moieities employed in the make-up of 



the s|)ecial nucleotides and employ the resulting 
modified sugar moieties to effect or carry out 
additional chemical reactions. Such modified monor 
oligo'and polysaccharide moieties, when employed as the 
Sig moieity in the preparation of the special nucleo- 
tides of this inventionr provide an added versatility 
with Respect to the detection of the nucleotides or 
other compounds contai^^np such modified saccharides 
either as the sugar S^or as the Sig moiety thereof. 

In another aspect of this invention the Sig moiety 
instead of being attached to a nucleotide could also be 
attached to proteins. Not only could such proteins be 
attached to nucleotides or polynucleotides but also 
such 'proteins could be identified per se whether 
attached to a nucleotide or polynucleotide or un- 
attacjhed. In accordance with the practices of this 
aspect of the invention, a suitable such protein adduct 
would have the formula, 

- H H \ -S 

C * N 

: . ■■, ■ 

wherein Ri is an OH or an amino acid or acids ^nd R2 is 
an amino acid side chain and R3 is H or an amino acid 
or a.cids and Sig is attached to the Ri and/or R2 and/or 

R3- . 




